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GLOMR  FINAL  REPORT 


N00014-86-C-0330 


1.  EXECUTIVE  SUMMARY 

The  Global  Low  Orbiting  Message  Relay  (GLOMR)  satellite  is  a  proof-of-concept 
effort  sponsored  by  the  Defense  Advanced  Research  Projects  Office  (DARPA).  Being 
aware  of  costs  and  complexity  of  defense  satellite  programs,  DARPA  wanted  to  experiment 
with  a  simple,  low  cost  spacecraft  that  could  be  built  rapidly  with  off-the-shelf  avionics 
components.  The  spacecraft  was  also  to  be  designed  to  fit  into  NASA’s  new  Space  Shuttle 
Get-Away-Special  (GAS)  launch  capability,  which  promised  inexpensive  entry  into  low 
earth  orbits.  This  spacecraft  was  built  by  Defense  Systems  Inc.  of  McLean,  Virginia  in 
1984.  The  satellite  was  to  have  the  capability  to  store  and  forward  packetized  data 
messages  using  low  cost  ground  user  communications  equipment,  and  also  have  the 
capability  to  geolocate  radio  frequency  emitters. 

The  GLOMR  spacecraft  was  initially  taken  into  orbit  by  the  Space  Shuttle,  Challenger, 
in  late  April  1985,  but  the  opening  mechanism  for  the  "GAS"  canister  malfunctioned  and 
the  satellite  was  returned  to  Earth  with  the  Space  Shuttle.  The  spacecraft  was  launched 
again  in  late  October  1985  and  this  time  successfully  ejected  into  a  circular  orbit  of  324 
kilometers  (175  nautical  miles).  The  spacecraft  in  that  orbit  was  initially  estimated  to  have 
an  orbital  lifetime  of  250-300  days  (later  revised  to  400-500  days).  Early  telemetry  showed 
that  the  spacecraft  support  systems  were  operating  successfully,  however,  the 
communications  subsystem  experienced  problems  from  the  initial  test  period.  Corrections 
to  the  ground  station  equipment  improved  the  communications  somewhat,  and  by  year  end 
1985  the  satellite  was  operating  consistently  enough  that  further  demonstrations  of  its 
overall  capabilities  were  warranted. 
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ARDAK  Corporation,  in  the  role  of  integrating  contractor,  submitted  a  proposal  on 


January  10,  1986,  with  subcontractors  Defense  Systems  Inc.  (DSI)  and  Planning  Research 
Corporation  (PRC),  to  provide  an  applications  development  program.  The  primary  goals 
of  the  program  were  to  integrate  and  develop  a  full  understanding  of  GLOMR's  capabilities 


and  to  demonstrate  their  potential  for  application  to  a  variety  of  U.S.  Government 


missions.  A  secondary  goal  was  to  develop  a  potential  user  base  for  future  low  cost 
message  relay  and  geopositioning  satellites.  The  four  main  tasks  of  the  proposal  included: 
(1)  to  document  current  operations;  (2)  to  develop  software  for  mission  planning  and 


geolocation;  (3)  to  operate  the  Master  Ground  Station  (MGS)  and  the  satellite  system;  and, 


(4)  to  test  and  demonstrate  the  Portable  Earth  Terminal  (PET)  and  overall  system 


capabilities  to  potential  satellite  users. 


A  contract  was  awarded  to  ARDAK.  The  first  task  (documenting  current  operations) 


revealed  that  the  message  relay  communications  had  an  estimated  throughput  of  only  6% 
during  the  first  1,000  orbits.  Therefore,  some  of  the  proposed  subtasks,  such  as  arranging 
a  message  mailbox  program,  were  deemed  to  be  of  lesser  priority,  and  efforts  were 
concentrated  on  how  best  to  improve  and  maximize  the  current  system. 


Mission  planning  analyses  were  initiated  on  how  the  satellite's  abilities  could  best  be 
directed.  Special  software  was  designed  to  assist  in  demonstrating  those  abilities.  Testing 
of  specific  hardware  and  software  systems  and  functions  were  undertaken  to  comprehend 


the  potential  of  the  complete  GLOMR  end-to-end  system. 


The  first  demonstration  of  the  message  relay  capability  was  accomplished  for  DARPA 
at  their  Rosslyn,  Virginia  headquarters.  An  esoteric  message  was  uplinked  from  the  MGS 


to  the  satellite  and  downlinked  to  the  Portable  Earth  Terminal  on  DARPA 's  roof.  The 


message  was  received  satisfactorily  and  the  demonstration  was  considered  a  success. 
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DARPA  had  requested  that  message  relay  tests  be  conducted  from  outside  the 
Washington,  D.C.  "pass  window".  Plans  were  then  initiated  for  tests  from  a  DSI  facility 
near  Santa  Barbara,  California.  While  these  tests  did  not  meet  all  of  the  planned  objectives, 
they  were  successful  in  demonstrating  several  objectives  such  as,  cross  country  relay  of 
messages,  accurate  prediction  of  remote  pass  windows,  and  identification  of  environmental 
and  operational  constraints  of  the  Portable  Earth  Terminal. 

To  better  test  and  demonstrate  the  geolocation  capability  of  the  GLOMR  satellite,  two 
beacon  transmitters  were  designed  and  procured  by  ARDAK.  These  small,  battery 
powered  units  were  fully  transportable  and  could  be  attached  to  a  moving  vehicle  or  taken 
to  sea  in  a  ship  where  they  could  simulate  an  unmanned  buoy.  The  beacons,  as  part  of 
their  successful  acceptance  tests,  were  able  to  transmit  a  seven  second  coded  message 
which  was  received  and  "clocked"  by  the  satellite.  This  coded  data  contained  the  time  the 
satellite  received  the  code  and  the  frequency  of  the  transmitter.  The  data  were  then 
transmitted  down  to  the  Master  Ground  Station  as  raw  geolocation  data  on  a  subsequent 
pass.  These  data  are  then  normally  fed  into  a  specially  designed  software  program  that 
computes  the  frequency,  time  of  receipt,  location  of  the  satellite  in  an  inverse  doppler 
method  into  a  longitude,  latitude  and  altitude  location. 

The  beacons  were  then  integrated  into  a  planned  series  of  geolocation  tests.  These  tests 
were  plagued  by  a  number  of  technical,  operational  and  procedural  problems  which 
resulted  in  a  lack  of  any  consistent  data  to  be  used  to  determine  the  beacon's  location. 

A  planned  series  of  demonstrations  to  interested  user/customers  was  scheduled  and, 
although  shortened  somewhat  by  the  lack  of  any  geolocation  usable  data,  was  deemed  to  be 
successful.  In  addition  to  the  first  demonstration  at  DARPA,  message  relay  demonstrations 
were  conducted  at  DSI  Headquarters  in  McLean,  Virginia  and  also  at  Fort  Bragg,  North 
Carolina  with  successful  messages  being  able  to  be  transmitted  and  received.  Geolocation 
demonstrations  were  conducted  at  the  Washington  Monument  in  Washington,  D.  C., 
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El  Paso,  Texas  and  San  Diego,  California.  In  the  latter  demonstrations,  the  user 


equipment  (beacon)  was  operated  with  the  satellite,  the  concept  was  explained  and  excellent 


feedback  was  received  from  discussions  with  field  personnel. 


The  user/customer  community  proved  to  be  one  of  the  most  successful  aspects  of  the 


GLOMR  Applications  Development  contract.  The  U.S.  Navy  continues  to  search  for 


improved  modes  of  communications  over  the  trackless  ocean  areas  of  the  world.  The 


GLOMR  system  has  the  ability,  for  example,  to  collect  information  from  unmanned  bouys 


along  with  tracking  their  movement.  The  Navy  is  seriously  investigating  GLOMR  follow- 


on  activities.  The  Army  has  special  forces  and  rapid  deployment  troops  that  are  prepared  to 


trade  off  some  of  the  heavier,  more  traditional  communications  systems  for  ones  that  can  be 


activated  rapidly  and  are  easy  to  use.  This  type  of  mission  requirement  may  have  a  synergy 


with  tactical  rockets  that  could  be  used  to  launch  GLOMR  type  satellites  into  appropriate 


orbit  elevations  and  inclinations.  The  Army  is  investigating  this  synergy  which  would 


allow  a  "storage  and  launch  as  needed"  satellite  communications  capability  to  meet  specific 


missions  or  fill  gaps  in  larger  systems.  The  Customs  Service  has  an  increasing  need  to 
track  the  movements  of  boats  and  other  vehicles  for  the  purpose  of  interdicting  the 


transportation  of  illegal  drugs.  Therefore  continuing  efforts  are  planned  by  the  Customs 


Service  to  design  and  procure  low  cost  beacons/tags  that  can  be  attached  to  and  aid  in  the 


tracking  and  location  of  vehicles.  In  addition,  the  Department  of  Justice  and  the  Atomic 


Energy  Commission  have  the  requirements  of  tracking  the  movement  of  vehicles,  which  is 


why  they  are  continuing  their  interest  in  GLOMR. 


A  series  of  recommendations  resulted  from  the  evaluation  of  this  development  effort. 


One  recommendation  states  that  low  cost  satellite  systems  are  required  by  a  user/customer 


community  that  is  experiencing  budget  realities.  However,  this  community  is  accustomed 
to  higher  communications  throughput,  for  example,  and  more  user  friendly  operations. 
Therefore,  future  GLOMR  type  spacecraft  and  systems  need  to  adhere  to  low  cost  goals 
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and  objectives,  but  some  additional  attention  needs  to  be  provided  in  the  areas  of  design, 
fabrication  and  testing  to  improve  operational  efficiency  and  user  satisfaction.  Additional 
recommendations  call  for  more  study  of  mission  requirements,  a  tradeoff  study  on  space 
segment  versus  ground  user  equipment,  and  the  need  for  additional  investigations  into 
frequency  allocations. 

On  balance,  ARDAK's  GLOMR  Development  Applications  contract  must  be 
considered  a  success.  The  spacecraft  development  began  as  a  low  cost  proof-of-concept 
effort  with  the  GLOMR  satellite  satisfying  that  goal  by  operating  successfully  in  orbit,  and 
continuing  to  operate  into  an  extended  orbital  lifetime.  Real  progress  and  meaningful 
results  were  achieved,  although  limitations,  especially  in  the  communications  and 
geolocation  areas,  frustrated  some  tests  and  demonstrations.  The  ultimate  success  in  an 
applications  development  contract  is  the  knowledge  that  the  user  community  is  presently 
planning  and  budgeting  for  follow-on  spacecraft  and  systems. 
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2.  INTRODUCTION 

This  ARDAK  final  report  first  reviews  the  background  of  low  orbiting  satellites  and  the 
origins,  goals  and  objectives  of  the  GLOMR  program.  This  report  then  reviews  the  tasks 
set  forth  in  the  Statement  of  Work  (on  a  task  by  task  basis)  and  describes  how  those  tasks 
were  completed  and  the  results  achieved.  Specific  attachments  to  this  Final  Report  will 
contain  test  plans  and  other  deliverables  that  are  required  by  the  contract.  In  addition, 
attachments  to  this  report  will  point  out  many  of  the  anomalies  uncovered  while  working  on 
this  GLOMR  contract  and  change  recommendations  will  be  made  on  how  the  anomalies 
may  be  corrected  for  later  developments  and  generations  of  spacecraft 
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3.  BACKGROUND 

The  Global  Low  Orbiting  Message  Relay  (GLOMR)  satellite  proof-of-concept  effort 
was  sponsored  by  the  Defense  Advanced  Research  Projects  Agency  (DARPA)  to  restudy 
the  application  of  low  orbit,  low  cost  satellites  for  Department  of  Defense  missions. 
Beginning  with  the  Relay  experimental  satellite  in  the  early  1960s,  the  assets  and  liabilities 
of  a  circular  orbit  were  well  understood.  While  some  satellites  and  missions,  such  as 
reconnaissance,  continued  to  use  lower  orbits,  the  bulk  of  the  communications  satellites 
went  to  a  geosynchronous  (35,000  km)  orbit.  There  the  trend  went  to  larger,  more 
sophisticated  communications  satellites  which  became  very  expensive  and  tended  to 
aggregate  missions  and  needs  into  one  central  system.  While  these  satellites  and  systems 
were  generally  reliable,  a  number  of  launch  failures  along  with  some  system  malfunctions, 
budget  constraints  and  the  lack  of  many  small  users  to  get  into  the  large  aggregate,  caused  a 
restudy  of  lower  cost,  low  orbiting  satellites. 

GLOMR  was  funded  in  1984  and  designed  and  built  by  Defense  Systems  Incorporated 
(DSI)  of  McLean,  Virginia.  The  primary  objective  of  DSI  was  to  build  a  spacecraft  using 
off-the-shelf  avionics  components  in  less  than  a  year,  for  less  than  a  million  dollars.  This 
objective  was  met. 

The  spacecraft  was  assembled,  then  tested  by  NASA  at  the  Goddard  Space  Flight 
Center  in  February  1985.  The  testing  included  some  normal  pre-flight  tests  as  well  as  the 
special  safety  testing  required  for  launch  by  the  space  shuttle.  While  some  damage  was 
done  to  the  spacecraft  during  pressure  testing  just  weeks  prior  to  its  planned  launch,  the 
spacecraft  was  mated  with  the  launch  mechanism  in  the  Get-Away-Special  (GAS)  canister 
and  put  aboard  the  Space  Shuttle  Challenger.  The  shuttle  was  launched  in  late  April  1985, 
but  the  canister  mechanism  and  lid  failed  to  operate  properly,  and  the  GLOMR  spacecraft 
was  returned  to  Earth  with  the  shuttle.  It  is  noteworthy  that  the  resulting  tests  showed  that 
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the  spacecraft’s  pressurized  hull  had  failed  and  the  internal  components  had  "out  gased", 
but  that  no  degradation  or  damage  was  seen  when  compared  to  pre-test  results. 

It  was  not  immediately  known  when  the  GLOMR  satellite  might  be  assigned  again  to  a 
Space  Shuttle  for  launch,  as  the  Get-Away-Special  priorities  are  not  very  high.  This 
unknown  provided  time  for  further  analysis,  and  recommendations  were  made  to  make 
changes  in  the  spacecraft.  One  example  is  the  addition  of  a  ranging  module  that  would 
assist  in  the  geolocation.  Other  recommendations  were  made  to  leave  the  spacecraft 
basically  as  is  and  work  hard  to  get  a  launch  again  as  soon  as  possible.  This  later  point  of 
view  prevailed  and  DARPA,  DSI  and  ARDAK  worked  through  the  middle  of  1985,  and 
were  successful  in  getting  GLOMR  assigned  to  the  Space  Shuttle  Challenger  on  Mission 
61-A,  which  had  the  European  Space  Agency  (ESA)  Spacelab  as  its  primary  cargo.  This 
Challenger  mission  was  launched  on  October  30,  1985  and  a  few  hours  later  the  GLOMR 
spacecraft  was  successfully  ejected  from  its  canister.  Figure  3-1  is  a  photograph  of  the 
spacecraft  with  its  launch  characteristics. 

The  GLOMR  satellite  reached  an  apogee  of  324  kilometers  (175  nautical  miles)  with  an 
inclination  of  57°.  This  circular  orbit  had  a  period  of  approximately  90  minutes.  This  type 
of  orbit  normally  allows  the  spacecraft  to  be  seen  from  the  ground  (visibility  window)  for  a 
series  of  tliree  passes  each  90  minutes  apart.  The  spacecraft  is  then  not  visible  for  at  least 
six  hours,  with  the  potential  of  three  passes  beginning  again.  The  visibility  time  is  a  factor 
of  the  slant  range  from  the  "viewing"  point  on  the  ground  to  the  spacecraft  in  a  particular 
orbit.  Given  blockage  from  hills,  trees,  buildings,  etc.,  the  satellite  would  have  to  rise  at 
least  5°  above  the  horizon  to  insure  visibility.  While  a  communications  exchange  or 
message  cou»d  take  place  in  a  few  seconds,  a  visibility  window  of  a  few  minutes  was 
chosen  to  insure  adequate  visibility  time.  The  maximum  visibility  window  extended  to  12 
minutes  (horizon-to-horizon)  when  the  orbit  brought  the  satellite  directly  over  the  viewing 
point.  Figure  3-2  shows  the  Orbital  Characteristics. 
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The  spacecraft  exterior  is  made  of  brass  in  the  form  of  a  62  sided  polyhedron,  weighs 
64  kg  and  has  a  maximum  diameter  of  48  cm  at  the  antenna  tips.  The  square  facets  of  the 
satellite  are  covered  with  solar  cells  that  deliver  12  watts  of  prime  power.  Figure  3-3 
shows  the  spacecraft  characteristics. 

The  satellite  design  was  made  simple  both  for  cost  and  ease  of  operation  and,  therefore, 
only  one  frequency  was  used  both  for  transmit  and  receive.  The  frequency,  187.4MHz,  is 
allocated  to  the  U.S.  Navy.  The  output  power  of  the  satellite  is  10  watts  radiating  from 
four  omnidirectional  "paddle"  antennas. 


ARDAK  CORPORATION  •  1493  CHAIN  BRIDGE  ROAD  •  SUITE  302  •  MCLEAN  •  VIRGINIA  •  22101  •  17031  893-3702 


GLOMR  Final  Report 


page  10 


4.  TASK  DESCRIPTIONS 

This  section  provides  a  task  by  task  description  of  the  efforts  set  out  in  the  ARDAK 
Statement  of  Work  and  how  these  tasks  were  accomplished  during  the  contract.  The  task 
numbers  provide  a  cross  reference  to  the  Work  Plan  (attachment  1).  The  ordering  of  the 
tasks  is  chronological  as  shown  in  the  activity  timeline  (Figure  4-1). 

4. 1  Task  1.1  -  Project  planning.  The  project  planning  task,  produced  the  revised 
Work  Plan  during  the  first  reporting  period.  The  Work  Plan  was  based  on  the  statement  of 
work  and  the  proposal.  It  described  how  each  task  was  to  be  performed.  A  copy  of  the 
Work  Plan  is  provided  as  attachment  1. 

Technical  direction  and  status  reporting  were  also  included  in  this  task.  Four 
progress  reports  (0001 A  A,  0001 AB,  0001 AC,  and  0001 AD)  were  written  and  delivered  to 
the  appropriate  contractual  agencies  on  schedule.  This  final  report  (0001 AE)  completes  the 
reporting  obligations  of  the  contract. 

4.2  Task  4.1  -  Write  basic  geolocate  routines.  Basic  geolocation  routines  were 
written  and  tested  as  proposed  The  geolocation  software  was  to  be  based  upon  "off-the- 
shelf'  DSI  software  which  DSI  had  obtained  from  its  subsidiary,  Polar  Research  Labs 
(PRL)  of  Carpinteria,  California.  The  PRL  software  had  been  used  operationally  with  the 
TIROS  satellite  and  was  written  in  Basic  on  an  IBM  PC.  This  PRL  software  was  analyzed 
and  the  decision  was  made  to  use  it  only  as  an  example.  New  FORTRAN  code  was 
written  by  PRC  on  a  Digital  Equipment  Corporation  Micro  PDP-1 1/73  running  under  the 
RSX-11M+  operating  system.  Approximately  400-500  lines  of  new  code  have  been 
integrated  with  the  PRC  mission  planning  software,  called  GEODE,  and  uses  GEODE's 
element  set  data  base  and  ephemeris  generation.  The  geolocation  software,  which 
completes  this  task,  can  be  executed  at  PRC,  or  remotely  via  dial  up  telephone  and  modem. 
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The  input  format  is  that  of  the  GLOMR  geolocation  messages  which  encode  numbers  by 
individual  bytes. 

4.3  Task  1.2  -  Contract  with  DSI.  DSI  was  responsible  for  the  design  and  fabrication 
of  the  GLOMR  spacecraft,  the  Master  Ground  Station,  and  the  Portable  Earth  Terminal. 
Therefore  it  was  efficient  to  subcontract  to  DSI  and  have  them  continue  many  of  the 
hardware  and  operational  tasks,  while  ARDAK  took  the  lead  in  the  systems  integration 
areas.  The  subcontracting  process  was  uneventful,  and  the  following  tasks  were 
accomplished  with  DSI  taking  primary  responsibility  or  sharing  the  duties  with  ARDAK 
and  PRC: 

•  2. 1  Document  current  DSI  work  (shared  with  ARDAK) 

•  2.2  Write  GLOMR  PET  interface  specification  (shared  with  ARDAK) 

•  3.  Operate  MGS 

•  4.2  Install  PET  geolocate  calculator  (shared  with  ARDAK) 

•  5.1  Integrate  mission  planning  (shared  with  PRC) 

•  6.2  Write  message  mailbox  handler  (shared  with  ARDAK) 

•  6.4  Integrate  operations  segments  (shared  with  PRC) 

4.4  Task  1.3  -  Contract  with  PRC.  Planning  Research  Corporation  (PRC)  has 
extensive  experience  in  software  preparation  for  highly  technical  programs  like  the 
GLOMR  Applications  Development  effort.  While  the  prime  contract  administration  took 
longer  than  expected,  which  delayed  the  finalizing  of  the  subcontracts,  there  were  no 
subcontractual  problems  and  PRC  had  full  or  shared  responsibility  for  the  following 
software  tasks: 

•  5.1  Integrate  mission  planning  (shared  with  DSI) 

•  5.2  Write  planning  macros 
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•  5.3  Generate  mission  planning  demonstration  displays 

•  6.4  Integrate  operations  segments  (shared  with  DSI) 

4.5  Task  2.1  -  Document  current  DSI  work.  The  process  of  establishing  formats,  test 
procedures,  and  for  standardizing  the  documentation  has  been  completed.  The  DSI  log 
books  were  reviewed  for  accuracy  and  the  proper  listing  of  operational  data  and  anomalies. 
Recommendations  were  made  to  DSI  to  prepare  a  specific  form  for  the  reporting  of 
anomalies.  The  anomaly  reports  were  then  used  as  inputs  to  the  list  of  action  areas  that 
were  needed  to  correct  the  problem  areas  and  make  suggested  system  refinements. 
Attachment  6  provides  an  example  of  a  DSI  anomaly  report.  It  contains  satellite  contact 
statistics,  anomalies  and  limitations  in  the  satellite  system  and  refinements  and  actions  taken 
to  correct  the  limitations. 

4.6  Task  3  -  Operate  MGS.  The  operation  of  the  Master  Ground  Station  (MGS)  was 
a  continuing  task  assigned  to  DSI,  that  extended  to  the  end  of  the  operational  part  of  the 
Applications  Development  Program.  The  MGS  support  has  been  satisfactory,  but  it  should 
be  noted  that  DSI  had  other  GLOMR  customer  contracts  and  studies  so  that  this  contract 
effort  had  to  compete  with  others  for  satellite  and  MGS  time.  The  DSI  support  included 
station  keeping  and  demonstration  support  Station  keeping  functions  included  scheduling 
operations,  resetting  the  GLOMR  clock,  message  preparation,  orbital  pass  determination, 
telemetry  readout  and  analysis,  and  post  pass  closeout  and  record-keeping.  Similarly, 
demonstration  support  included  orbital  pass  determination,  operations  scheduling,  message 
preparation  and  uplink,  message  downlink  and  readout,  briefings,  exhibiting  equipment, 
and  record-keeping.  Figure  4-2  is  an  example  of  MGS  message  outputs. 

The  MGS  originally  consisted  of  a  Digital  Equipment  Corporation  LSI  1 1/73 
microcomputer  running  RT-1 1/TSX+,  a  communications  microprocessor,  a  transmitter  and 
receiver,  and  an  antenna.  The  transmitter,  receiver  and  communications  processor  are 
essentially  the  same  components  as  are  installed  inside  the  GLOMR  satellite.  This  cost 
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saving  arrangement  is  an  integral  part  of  the  GLOMR  concept.  Figure  4-3  is  a  block 
diagram  display  of  the  MGS.  As  shown,  the  original  microcomputer  has  been  replaced 
with  an  IBM  PC  XT.  The  MGS  is  located  at  the  DSI  office  building  on  Westpark  Drive  in 
McLean,  Virginia.  The  PC  is  installed  in  an  office  with  support  equipment  such  as  a 
communications  receiver.  The  communications  processor,  transmitter,  and  receiver  are 
mounted  in  a  suitcase  sized  aluminum  case  located  at  the  base  of  the  antenna  on  the  roof  of 
the  building.  The  antenna  is  an  omnidirectional  dipole  quadrafiler  approximately  138cm  tall 
with  a  101cm  circular  aluminum  ground  plane.  Each  of  the  four  "paddle  type"  dipoles 
measures  19cm  in  length.  The  transmit/receive  equipment  in  the  case  suffered  water 
damage  and  possible  lightning  damage  during  a  storm  in  August  1986.  In  addition, 
moisture  and  corrosion  to  the  transmit/receive  switch  has  caused  several  outages. 

4.7  Task  2.2  -  Write  GLOMR  PET  Interface  Specification.  The  GLOMR  to  Portable 
Earth  Terminal  (PET,  also  called  Portable  Access  Terminal,  PAT)  interface  specification 
was  completed  by  ARDAK,  and  used  to  procure  the  beacons.  These  specifications  were 
provided  to  AVCOM  Incorporated  of  Richmond,  Virginia  who  met  or  exceeded  all 
specifications  within  cost  and  schedule.  It  should  be  noted  that  the  ARDAK/AVCOM  team 
was  successful  in  delivering  the  beacons  on  schedule,  with  major  changes  to  the 
specifications  being  made  just  two  weeks  before  the  delivery  date.  These  changes  in  the 
length  and  sophistication  of  the  specific  transmission  sequence,  caused  modifications  to  all 
three  sections  (radio  transmitter,  computer,  and  battery  power)  of  the  beacons.  The 
beacons  transmit  a  seven  second  coded  message  which  is  used  to  demonstrate  the 
geolocation  capabilities  of  the  GLOMR  satellite  system.  The  beacons  are  small  (7cm  x 
23cm  x  23cm),  hand  held,  battery  operated  transmitters,  with  2  watts  of  output  power 
being  signaled  to  the  satellite.  The  received  signal  frequency  is  measured  in  the  satellite  and 
relayed  to  the  MGS  where  the  doppler  shift,  time  stamp,  and  therefore  location,  of  the 
beacons  can  be  computed  by  PRC  software. 
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4.8  Task  5.1  -  Integrate  mission  planning.  The  mission  planning  functions  include 
orbit  prediction  from  NAVSPASUR  ephemeris,  and  the  display  of  orbit  paths  overlaid  on  a 
world  map.  In  addition,  the  MGS  duties  of  proper  mission  planning  include  schedule 
generation,  message  preparation,  uplinking  and  downlinking,  message  decoding  and 
display.  This  task  has  been  successfully  exhibited  by  providing  well  planned  and  executed 
demonstrations  to  user/customers  of  the  satellite  system.  Future  plans  include  the 
integration  of  the  PRC  geolocation  software  into  this  MGS. 

4.9  Task  6.1  -  Demonstrate  PET  message.  Demonstration  of  the  PET  message 
capabilities  has  been  one  of  the  most  successful  main  activities  of  this  contract.  Figure  4-4 
is  a  list  of  message  and  geolocation  demonstrations.  For  the  initial  demonstration  to 
DARPA,  a  test  message  was  uplinked  from  the  MGS;  the  PET  was  carried  to  the  DARPA 
Headquarters  in  Rosslyn,  Virginia  and  the  message  was  downlinked  (see  the  test  plan  at 
attachment  2).  A  typical  scenario  for  a  message  demonstration  is  as  follows.  The  time  of 
the  demonstration,  and  the  preceeding  uplinking  of  test  messages  and  schedules,  are 
determined  from  a  pass  opportunity  schedule  printed  out  by  the  DSI  mission  planning 
software.  The  satellite  is  scheduled  to  poll  the  MGS/PET  at  demonstration  time.  A 
message  greeting  the  audience  is  uplinked  on  a  previous  orbit  before  the  demonstration;  see 
Figure  4-5  for  typical  messages.  A  test  plan  and  a  briefing  are  prepared  and  given  to  the 
audience;  see  attachments  2  and  3.  At  the  time  of  the  demonstration  pass,  the  audience  is 
gathered  around  the  MGS  or  the  PET,  depending  on  location,  to  see  the  message 
downlink.  This  task  is  complete.  Additional  users/customers,  such  as  the  Atomic  Energy 
Commission,  have  requested  demonstrations  of  both  message  relay  and  geolocation. 

4. 10  Task  6.2  -  Write  message  mailbox  handler.  Since  the  number  of  communications 
terminals  has  not  been  expanded  beyond  the  MGS  and  the  PET,  the  number  of  messages 
that  need  to  be  "handled”  have  been  minimal.  Therefore,  the  incoming  messages  at  the 
MGS  are  downloaded,  tagged  and  logged  properly  by  hand,  with  no  special  software 
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program  for  mailbox  handling  being  required  at  this  time.  The  PET  operator  manually 
assigns  a  unique  receive  file  name,  or  mailbox,  for  each  user  which  has  proven  to  be  totally 
satisfactory  for  the  present  system. 

4.11  Task  5.3  -  Generate  mission  planning  demonstration  displays.  Mission  planning 
displays  have  been  used  to  produce  pass  plots  for  all  demonstrations.  See  Figure  4-6  for 
an  example  of  a  pass  plot  produced  by  the  PRC  GEODE  software.  Additionally,  DSI  has 
the  ability  to  produce  displays  and  pass  plots  on  a  world  map  background  using  their 
integrated  MGS/Mission  Planning  software.  This  DSI  software  runs  on  an  IBM  PC  and 
produces  a  color  map  of  the  world  with  the  satellite  path  overlaid.  It  can  be  run  in  either  a 
predictive  mode  or  real  time  mode.  The  predictive  mode  is  used  to  generate  pass 
opportunity  schedules.  The  real  time  mode  is  used  during  demonstrations  to  give  visual 
and  audible  cues  for  pass  rise  time  and  set  time.  The  real  time  display  was  successfully 
used  in  an  outdoor  "field"  demonstration  at  Fort  Bragg,  where  the  portable  personal 
computer  was  operated  out  of  the  trunk  of  a  car.  A  hood  was  placed  over  the  CRT  to 
screen  the  sun  so  the  audience  could  see  the  display.  This  task  is  completed,  and  the 
software  is  available  to  rapidly  produce  screen  and  hard  copy  displays  for  any  future 
demonstrations. 

4.12  Task  4.2  -  Install  PET  geolocate  calculator.  The  task  initially  called  for  the 
installing  of  a  geolocation  calculator  in  the  Portable  Earth  Terminal  (PET).  However,  initial 
analysis  showed  that  the  TRS-80-100  computer,  that  is  being  used  in  the  PET,  was  not  a 
suitable  candidate  for  a  geolocation  calculator  because  of  memory  limitations.  Also,  a 
decision  was  made  to  rehost  the  MGS  software  on  an  IBM  PC  compatible  computer,  which 
makes  it  a  better  choice  for  the  installation  of  PRC  developed  geolocation  software  on  this 
new  computer. 

4.13  Task  6.3  -  Integrate/test  beacons.  The  task  to  integrate  and  test  the  beacons  has 
been  completed.  The  beacon  acceptance  tests  were  performed  August  12  and  13  at  the 
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vendor's  plant  in  Richmond,  Virginia  and  initial  data  indicated  that  the  beacons  had  worked 
perfectly,  and  the  complete  GLOMR  geolocation  system  had  produced  acceptable  data. 
However,  a  planned  series  of  geolocation  tests,  covering  a  six  week  period  of  time,  failed 
to  produce  any  consistent  downlink  data.  This  was  due  to  a  number  of  satellite  and  ground 
station  technical  and  operational  errors.  Additionally,  the  beacons  were  successfully 
"bench  tested"  with  a  prototype  copy  of  the  satellite  to  better  understand  any  anomalous 
behavior.  The  MGS  antenna  was  connected  to  the  prototype  satellite  and  the  beacon 
transmitted  over  the  air  to  it.  Bench  tests  of  beacon  number  two  showed  that  the 
termination  "latch"  that  was  to  signal  the  end  of  a  transmission  may  not  be  signaling 
correctly.  Therefore  a  new  latch  chip  was  installed  to  insure  a  correct  transmission 
termination.  This  had  no  operational  effect  however,  because  beacon  number  two  was 
never  used  in  any  of  the  operational  tests  and  demonstrations.  Beacon  number  one,  the  one 
used  operationally,  worked  perfectly  in  the  bench  tests  and  throughout  the  test  and 
integration  period. 

4.14  Task  5.2  -  Write  planning  macros.  The  writing  of  planning  macros  was  handled 
similarly  to  the  geolocation  calculator.  A  review  was  made  of  the  PET  computer  (TRS-80- 
100)  and  the  conclusions  were  that  the  simplicity  and  inefficiencies  of  the  computer  did  not 
warrant  the  programming  effort  for  planning  macros  in  the  PET.  The  planning  macros 
were  then  included  in  the  effort  to  rehost  the  MGS  on  an  IBM  PC  compatible  computer. 
This  accomplished  the  task  and  brought  together  most  of  the  planning  and  demonstration 
hardware  and  software  in  one  central  location. 

4.15  Task  4.3  -  Analyze  DSI  data  for  geolocation.  Three  or  more  "clockings"  are 
required  in  a  given  satellite  pass  to  do  geolocation  of  a  stationary  target.  Even  more  are 
required  for  a  moving  target.  Figure  4-7  shows  the  geolocation  concept  Since  neither  the 
MGS  nor  the  PET  were  designed  to  transmit  multiple  long  duration  contacts  (6  or  7 
seconds)  during  a  pass,  beacon  transmitters  were  designed  and  procured  by  ARDAK  to 
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basic  emitters  for  geolocation.  Up  until  mid-August,  when  the  beacons  were  delivered, 
there  were  no  consistent  data  which  could  be  used  for  geolocation  analysis.  Software  and 
synthetic  data  available  from  other  satellite  programs  were  therefore  used  in  the  analysis. 
This  data  was  aided  by  occasional  single  examples  of  raw  geolocation  data  received  by  the 
MGS,  where  its  transmissions  had  been  long  enough  to  be  "clocked"  by  the  satellite. 
Figure  4-8  shows  geolocation  data  as  it  comes  out  of  the  Master  Ground  Station. 

4. 16  Task  4.4  -  Test  geolocate  capability  and  analyze.  The  initial  ability  of  the  satellite 
to  "clock"  the  beacons  during  their  acceptance  tests  was  hailed  by  many  interested  GLOMR 
users  as  real  success.  ARDAK  then  detailed  a  series  of  geolocation  tests  which  would 
begin  with  an  initial  clocking,  and  progress  to  three  or  more  contacts  in  a  single  pass.  A 
typical  scenario  is  as  follows.  The  MGS  is  used  to  schedule  the  satellite  to  poll  the  beacon 
during  a  pass  selected  from  the  pass  opportunity  schedule.  At  the  time  of  the  pass,  the 
beacon  operator  Finds  an  area  that  is  free  of  obstructions  and  listens  for  the  satellite  poll 
using  a  commercial  receiver.  Following  the  poll  "beep",  the  operator  keys  the  transmission 
sequence  of  the  beacon  to  start.  The  sequence  consists  of  a  normal  header  frame  and  six 
seconds  of  empty  "frames"  which  gets  the  attention  of  the  satellite  and  synchronizes  the 
satellite  receiver  clock.  This  is  immediately  followed  by  one  "terminator"  frame  which 
signals  the  end  of  transmission  to  the  satellite.  This  sequence  constitutes  one  contact. 
Numerous  examples  of  one,  two  and  three  such  contacts  were  attempted  during  a  pass  as 
part  of  the  test  series.  Unfortunately,  the  test  series  experienced  a  rash  of  problems  that 
kept  the  integration  contractor  from  obtaining  any  consistent  geolocation  data.  ARDAK 
was  able  to  test  the  entire  capability  of  the  GLOMR  satellite  system,  and  analysis  was  made 
of  the  test  data.  Examples  of  the  problems  which  have  prevented  geolocation  success 
include: 
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•  On  board  processors  take  minutes  to  digest  the  data  during  limited  pass  time. 
If  a  second  contact  is  initiated  while  the  processors  are  still  working,  all  the 
data  are  rejected. 

•  Signal  fadeout  at  the  end  of  a  pass.  Normal  contact  and  sequence  of  contacts  is 
initiated,  but  the  ground  emitter  signal  is  lost  (e.g.,  due  to  an  obstruction) 
before  a  final  termination  frame  is  received  by  the  satellite.  This  causes  the 
satellite  to  wait  for  a  period  of  time  (minutes)  for  a  termination  signal  and  then 
think  there  is  an  on-board  software  logic  problem  and  reset  the  satellite  clock 
back  to  day  one.  It  would  often  take  many  operational  days  to  reset  the  clock 
and  system  for  normal  operation  again. 

•  Satellite  filters  not  able  to  handle  rapid  change  of  doppler  frequency, 
particularly  at  time  of  closest  approach  when  the  doppler  shift  changes  rapidly 
and  reverses.  The  filters  had  been  changed  in  the  MGS  which  helped  to 
increase  the  message  throughput,  but  the  satellite  filters  continued  to  be  a 
system  limitation,  especially  in  geolocation. 

•  Failure  of  the  MGS  operator  to  schedule  properly  and  have  the  satellite  poll  at 
the  designated  time  or  to  have  the  MGS  listen  for  the  downlink. 

•  Weather  damage  to  MGS  equipment  on  the  roof  of  the  DSI  building  included 
lightning,  rain  and  condensation  in  switches  and  relays. 

It  is  important  to  understand  that  these  problems  are  not  insurmountable 
ARDAK  is  looking  forward  to  opportunities  to  continue  the  test  and  demonstration 
program.  The  GLOMR  system  has  functioned  on  an  end-to-end  basis  and  results  have 
been  achieved.  Additional  time  for  tests  and  demonstrations  should  see  good  results  on  a 
consistent  basis. 
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4.17  Task  6.4  -  Integrate  operations  segments.  DSI  has  integrated  their  mission 
planning  software  and  MGS  operations  software  on  an  IBM  PC  implementation  of  the 
MGS.  This  includes  the  mission  planning  displays  of  a  color  world  map  with  GLOMR 
tracks  overlaid  on  it.  This  display  was  demonstrated  in  real  time  at  Fort  Bragg,  North 
Carolina  in  a  "field"  mode  as  well  as  being  a  basic  part  of  many  demonstrations  that  took 
place  at  the  DSI  building  in  McLean,  Virginia. 

4. 1 8  Task  6.5  -  Demonstrate  GLOMR  system.  Demonstrations  of  the  GLOMR  system 
have  included  message  relay  and  geolocation  events  for  a  number  of  interested  users  of 
GLOMR's  capabilities.  The  message  relay  demonstrations  performed  at  DSI  used  the 
MGS  for  both  uplink  and  subsequent  downlink;  the  demonstrations  done  remotely  from 
DSI  used  the  PET  as  one  terminal  and  the  MGS  as  the  other  terminal,  with  either/both 
performing  uplink  and  downlink.  During  the  Coast  to  Coast  tests  and  demonstration,  for 
example,  the  PET  was  used  to  both  uplink  and  downlink  messages,  sometimes  during  the 
same  pass.  The  Coast  to  Coast  demonstration  consisted  of  a  specific  message  being 
uplinked  from  the  PET  in  California  and  downlinked  from  the  satellite  to  the  audience  of 
users  around  the  MGS  in  Virginia.  The  message,  which  contained  greetings  to  members  of 
the  audience,  was  received  successfully.  The  geolocation  demonstrations  used  a  beacon  to 
uplink  and  the  MGS  to  downlink.  Attachment  2  is  the  test  plan  for  the  first  DARPA  remote 
message  relay  demonstration.  Attachment  4  is  a  test  plan  for  message  relay  demonstration 
from  DSI  to  DSI  which  was  conducted  for  senior  Army  officers  and  others  including 
retired  Army  Chief  of  Staff,  General  S.  Meyer.  Attachment  5  is  a  test  plan  for  a  remote 
geolocation  demonstration  which  took  place  at  San  Diego,  California  for  senior  field 
officials  of  the  Customs  Service. 

While  the  demonstrations  have  largely  been  deemed  successful,  and  have 
generated  much  interest  from  the  user  community,  the  number  of  failures  in  both  the  series 
of  tests  and  demonstrations  need  to  be  examined  in  greater  detail.  Attachment  6  is  an 
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anomaly  report  that  specifically  covers  the  time  from  the  West  Coast  tests  (8  July  1986) 
through  a  series  of  geolocation  tests  which  resulted  in  a  lack  of  consistent  data 
(12  September  1986).  This  report  shows  examples  of  technical  problems  with  the 
spacecraft  (clock  reset)  and  ground  equipment  (rain  damage);  operational  problems  (local 
interference)  and  procedural/human  errors  (missed  contact).  ARDAK  and  Defense 
Systems  Inc.  have  reviewed  these  anomalies  and  a  section  attachment  6  reviews  specific 
limitations  and  lists  action  areas  that  are  needed  to  correct  the  anomaly  along  with  suggested 
system  refinements.  This  task  is  complete.  However,  additional  message  relay  and 
geolocation  demonstrations  are  still  desired  by  potential  user/customers,  such  as  US 
CENTCOM  and  the  Atomic  Energy  Commission.  Additional  opportunities  may  be 
forthcoming  where  demonstrations  can  be  continued  during  the  life  of  the  satellite,  and 
results  (potentially  geolocation)  can  be  added  to  this  successful  GLOMR  satellite 
Applications  Development  effort. 

4. 1 9  Task  2.3  -  Write  final  report/briefing.  The  task  to  write  a  final  report  is  completed 
with  the  delivery  of  this  report.  A  final  briefing  will  be  delivered  to  ONR  and  DARPA,  and 
other  user/customers  as  requested.  Copies  of  briefing  charts  will  be  available  at  the 
briefings  or  may  be  requested. 
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5.  CONCLUSIONS 

Low  orbiting,  inexpensive  satellites  for  communications  and  other  spacebome  missions 
are  receiving  renewed  interest.  This  is  especially  true  as  the  trend  continues  in 
geosynchronous  satellites  towards  increased  size  and  cost.  Budget  restraints  in  programs 
and  systems  are  forcing  users  to  lower  costs  and  simpler  mission  solutions.  Other 
advantages  of  low  orbiting  satellites  are  that  they  are  more  dynamic,  less  susceptable  to 
jamming  and  synergistic  with  modem  packet  switched  data  networking  systems. 

The  Global  Low  Orbiting  Message  RJay  satellite  was  a  successful  proof-of-concept 
vehicle,  that  operated  satisfactorily  beyond  its  initial  orbital  lifetime  estimate.  The  ARDAK 
Applications  Development  contract  was  also  successful  in  demonstrating  the  capabilities  of 
this  type  of  satellite  with  its  simpler  system  objectives.  The  GLOMR  satellite  was  never 
designed  to  do  sophisticated  geolocation,  and  it  was  certainly  optimistic  to  expect  the 
present  satellite  to  accomplish  such  a  task.  Nevertheless,  the  program  goals  and  objectives 
were  met,  with  detailed  mission  planning,  appropriate  hardware  and  software  development, 
and  testing  and  demonstration  of  those  developments  to  an  interested  user/customer 
community.  The  final  success  is  the  knowledge  that  the  user  community  is  presently 
planning  and  budgeting  for  follow-on  spacecraft  and  systems. 
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6.  RECOMMENDATIONS 


A  series  of  recommendations  and  suggested  improvements  have  resulted  from  this 
GLOMR  Applications  Development  effort  These  will  be  detailed  first  as  they  apply  to  the 
overall  system,  then  to  the  Master  Ground  Station  and  portable  ground  equipment. 

6. 1  Low  cost  satellite  systems  are  required  by  a  user/customer  community  that  is 
experiencing  budget  realities.  However,  this  community  is  accustomed  to  higher 
communications  throughput,  for  example,  and  more  user  friendly  operations.  Even  when 
the  present  system  was  introduced  as  experimental  or  proof-of -concept,  real  frustration  was 
expressed  over  lack  of  throughput  and  inability  to  conduct  geolocation  demonstrations 
Therefore,  future  GLOMR  type  spacecraft  and  systems  need  to  adhere  to  low  cost  goals 
and  objectives,  but  additional  attention  needs  to  be  provided  in  the  areas  of  design, 
fabrication,  and  testing  to  improve  operational  efficiency  and  user  satisfaction.  Additional 
attention  to  user  requirements  will  also  assist  in  the  validation  of  the  basic  system  concept 
and  insure  stronger  user  support. 

6.2  Additional  study  is  required  on  mission  requirements,  specifically  how 
inexpensive,  low  orbit  satellites  can  fill  voids  in  present  geosynchronous  systems;  or  how 
specific  missions  can  best  be  met  using  GLOMR  satellites.  Some  schools  of  thought  are  to 
make  the  next  generations  of  GLOMR  type  satellites  esoteric  with  only  a  few  specific  users 
and  missions.  Others  schools  want  future  GLOMR  satellites  to  rapidly  become  compatible 
with  many  military  and  governmental  missions  and  systems. 

6.3  A  trade-off  study  should  be  made  on  spacecraft  versus  ground  terminal  costs. 
Traditionally,  inexpensive  satellites  were  procured  when  the  number  of  proposed  users 
were  small  and  thus  ground  equipment  costs  could  be  more  expensive.  However,  if 
GLOMR  type  systems  are  proposed  which  use  a  large  number  of  small,  inexpensive  data 
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gathering  terminals,  then  more  sophistication  and  cost  should  be  put  into  the  space  segment 
for  overall  system  economy. 

6.4  Additional  investigation  is  required  on  the  spectrum  or  frequencies  that  may  be 
available  for  GLOMR  type  systems.  The  use  of  only  one  frequency  in  this  Applications 
Development  effort  was  limiting,  but  understandable.  Future  pre-operational  and 
operational  systems  must  know  how  to  best  utilize  available  frequencies  and  plan  for 
spread  spectrum  or  other  system  options.  Options  like  frequency  hopping,  spread 
spectrum,  and  encryption  all  need  to  be  evaluated  in  relationship  to  proposed  mission 
requirements. 

6.5  Improved  clock  and  system  frequency  stability  are  required  if  doppler  geolocation 
is  going  to  be  part  of  the  mission.  With  a  satellite  in  a  350  kilometer  oribt,  the  spacecraft 
velocity  is  about  seven  kilometers/second,  so  that  a  one  second  clock  or  end-to-end  error 
could  produce  a  seven  kilometer  position  error. 

6.6  Geolocation  systems  should  consider  ranging  as  opposed  to  the  inverse  doppler 
method.  Ranging  systems  with  space  qualified  chip  technology  exist,  and  have  the 
advantages  of:  lower  probability  of  detection,  lower  consumption  of  spacecraft  power; 
allows  more  accurate  geolocation,  greater  organic  orbit  determination;  and,  more  users  to 
access  the  system. 

6.7  The  Master  Ground  Station  should  be  redesigned  to  improve  its  overall  reliability, 

*.  , 

efficiency  and  ease  of  operation.  Beginning  at  the  top,  the  antenna  could  be  directionalized 
to  increase  its  gain  and  to  limit  and  discriminate  against  local  interference.  A  simple 
tracking  device  can  be  included  as  part  of  the  antenna.  The  transmit  and  receive  equipment 
needs  to  be  packaged  better  which  would  not  only  provide  protection  from  the  natural 
elements,  but  also  increase  the  temperature  stability  of  the  components.  The  computer  and 
software  functions  have  been  greatly  improved  by  the  change  from  the  DEC  1 1/73  to  the 
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handheld  replacement,  under  another  contract,  and  it  has  the  potential  to  solve  many  of  the 
original  shortcomings.  Questions  of  frequencies,  modulation  schemes,  compatibility  with 
other  military  ground  user  equipments  and  standards  need  to  be  investigated  in  future 


'  V, 


studies. 
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1.0  Introduction  and  Summary 

1.1  Objectives  and  Perspective 

The  primary  objective  of  this  effort  is  to  develop  for  DARPA  a  full  understanding 
of  the  "GLOMR"  (Global  Low-Orbiting  Message  Relay)  satellite  capabilities  and  their 
future  potential  for  application  to  a  variety  of  U.S.  Government  missions.  A  secondary 
objective  is  to  develop  a  potential  user  base  for  future  low-cost  message  relay  and 
geopositioning  satellites. 

1.2  Problem  Statement 

Now  that  on-orbit  operation  of  GLOMR  and  its  Master  Ground  Station  (MGS) 
have  been  initially  demonstrated,  the  current  utility  of  this  low  cost  satellite  and  the  potential 
for  its  application  to  a  number  of  U.S.  Government  activities  needs  exploration.  However, 
the  initial  DARPA  contract  with  the  GLOMR  developer,  Defense  Systems,  Inc.  (DSI), 
included  only  limited  task  coverage  for  initial  operations.  The  scope  did  not  foresee  the 
unavoidable  launch  delay  that  exhausted  contract  funds. 

GLOMR's  lifetime  is  known  to  be  limited  based  on  its  low-altitude  orbit,  which 
causes  atmospheric  drag  and  leads  to  unavoidable  orbital  decay.  Because  of  unpredictable 
atmospheric  anomalies,  the  lifetime  may  be  reduced,  but  as  currently  predicted  end  of  life 
will  occur  in  September  1986.  As  a  result,  the  activities  described  herein  to  exercise  all 
capabilities  and  develop  a  full  understanding  of  the  system  will  be  initiated  as  soon  as 
possible.  In  addition,  a  work  plan  strategy  will  be  to  integrate,  test  and  demonstrate  the 
system  capabilities  rapidly,  leaving  most  of  the  data  analysis  and  evalution  to  the  end  of  the 
program. 

Although  development  of  DARPA's  knowledge  base  about  GLOMR  applications 
needs  the  involvement  of  potential  users,  sophisticated  long-term  demonstrations  are  not 
within  this  current  contract  scope.  Without  such  user  reactions  and  progressive  thought 
contributions  about  the  needs  for  a  low-cost  message  delivery  and  geopositioning 
capability,  the  Government  may  not  have  the  required  data  to  adequately  assess  the 
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opportunity  to  develop  a  low-cost  space  system  that  uniquely  satisfies  specific  missions 
while  greatly  reducing  expenses. 

1.3  Project  Objectives 

ARDAK  will  develop  new  software  and  processes  which  facilitate  clear  and 
complete  demonstrations  of  the  GLOMR  system.  Because  of  the  existing  DSI  experience 
base,  ARDAK  will  subcontract  to  DSI  those  tasks  which  are  closely  related  to  the  operation 
of  the  MGS  and  the  satellite  itself. 

The  developments  and  demonstrations  included  in  this  effort  will  be  based  on  a 
thorough  knowledge  of  existing  software  to  minimize  cost  and  schedule.  ARDAK  requires 
that  existing  current  versions  of  PRC  source  code  for  mission  planning,  and  DSI  source 
code  for  all  operational  software  be  made  available  as  machine-readable  form  with 
annotated  listings  as  GFE  to  ARDAK.  It  is  also  required  that  ARDAK  have  access  to  the 
DSI  Master  Ground  Station  (MGS)  and  Portable  Earth  Terminal  (PET).  We  require  that 
this  software  and  hardware  be  accepted  by  the  Government  and  bailed  (or  other  access 
arrangement)  to  ARDAK  within  10  days  of  project  start  date. 

The  GLOMR  earth  terminals  presently  are  comprised  of  one  Master  Ground  Station 
(MGS)  and  a  Portable  Earth  Terminal  (PET).  ARDAK  expects  to  receive  small,  one-way 
beacons  for  geopositioning,  and  a  transceiver  for  convenient  message  delivery. 

Based  on  the  extensive  experience  with  the  GLOMR  system  over  the  past  year, 
ARDAK  will  now: 

-  complete  development  and  integration  of  required  software; 

-  thoroughly  exercise  GLOMR  with  a  variety  of  users  with  GLOMR’s  attendant 
ground  support  systems; 

stimulate  user  response  by  demonstrating  GLOMR  capabilities; 

document  all  previous  mission  situations  and  tests,  and  findings  of  all  on-going 

tests,  demonstrations,  and  potential  operations. 
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2.0  Technical  Approach 

ARDAK  will  accomplish  the  six  main  tasks  shown  in  Figure  2-1  as  follows. 

2.1  Task  1  -  Management 

Objective:  Ensure  that  technical,  cost,  and  schedule  requirements  are  met. 

2.1.1  Task  Li  -  Project  Planning.  This  task  includes  the  on-going  monitoring 
of  work  starts,  periodic  progress  reporting  to  DARPA,  and  resource/technical  direction. 
The  development  and  updating  of  this  work  plan  falls  under  this  task. 

2.1.2  Task  1.2  -  Contract  with  DSI.  ARDAK  will  negotiate  a  subcontract  with 
DSI  covering  the  tasks  best  suited  to  DSI  within  contract  funding/time  constraints. 
ARDAK  will  work  closely  with  DSI  and  monitor  their  progress. 

2.1.3  Task  1.3  -  Contract  with  PRC.  As  in  Task  1.2,  ARDAK  will  negotiate  a 
subcontract  with  PRC  and  work  closely  with  them. 

2.2  Task  2  -  Data 

Objective:  Develop  quality  documentation  for  delivery  to  the  Government. 

2.2.1  Task  2.1  -  Document  Current  DSI  Work.  This  is  basically  a  detailed 
planning  task  in  which  ARDAK  will  prepare  a  complete  report  of  past  and  present 
operational  situations  and  anomalies,  developing  details  of  requirements  for  subsequent 
tasks. 

2.2.2  Task  2.2  -  Write  GLOMR-to-PET  Interface  Spec.  In  order  to 
competitively  acquire  small  GLOMR  transceivers  and  beacons  from  companies  with 
experience  in  this  Field,  a  clear  and  detailed  satellite  interface  specification  is  required. 
ARDAK,  in  collaboration  with  DSI,  will  generate  this  specification  and  quickly  circulate  it 
among  known  vendors.  The  medium  and  long-term  program  benefits  of  preparing  good 
interface  specifications  and  making  these  known  to  qualified  vendors  are  very  real.  The 
present  satellite  lifetime  restrictions,  however,  limit  normal  procurement  schedules  and  the 
amount  of  useful  design  and  hardware  response  that  are  normally  expected  in  hardware 
development  efforts.  Therefore,  this  test  and  demonstration  will  maximize  the  use  of 
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present  MGS  and  PET  terminals,  and  will  use  the  interface  specification  to  procure,  and  if 
need  be  modify,  off-the-shelf  beacons. 

2.2.3  Interim  Reports.  ARDAK  will  prepare  monthly  Interim  Reports  that  will 
describe  the  status  of  the  GLOMR  system  and  of  the  contract.  The  reports  will  set  forth  the 
milestones  and  tasks  that  are  completed  along  with  the  progress  of  those  currently 
underway. 

2.2.3  Task  2.4  -  Write  Final  Report.  ARDAK  will  review,  analyze,  assess,  and 
report  on  demonstration  results  and  user  responses.  This  effort  will  provide  for  reporting 
user  interactions,  comments  and  requests  for  changes,  analysis  and  aggregation  of  these 
with  respect  to  how  the  system  functions,  and  results  to  form  a  basis  for  upgrades.  The 
task  includes  the  preparation  of  a  final  report  which  documents  the  advances  and  the 
anomalies  discovered  during  the  project  with  recommendations  for  improvements,  and 
includes  an  analysis  of  observer/user  reactions. 

2.3  Task  3  -  Operate  MGS 

Objective:  Reduce  required  manpower  for  daily  MGS  operations  and  perform 

station  keeping. 

The  continuing  MGS  operations  will  be  conducted  by  DSI  personnel  as  the 
following  subtasks. 

a.  Plan  and  execute  "full  event"  contacts  every  pass.  This  subtask  provides  for 
operations  of  scheduling,  message  preparation,  orbital  pass  determination,  telemetry 
readout  and  analysis,  and  post-pass  closeout  and  record-keeping. 

b.  Plan  and  execute  "simple  events"  for  later  delivery,  this  subtask  provides  for 
minimum  support  of  any  operations  event  such  as  a  pre-planned  message  delivery  pass. 

c.  Conduct  link  margin  measurements  and  calculations.  This  subtask  provides  for 
the  critical  understanding  of  RF  link  performance.  Future  satellite  models  will  use  this  data 
for  major  design  decisions  such  as  energy  storage  capability  and  antenna  polarization. 
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d.  Support  geolocation  and  Doppler  shift  experiments.  This  subtask  provides  for 
planning  and  uploading  commands  to  measure  frequency  on-board  the  satellite  so  that 
geolocation  activities  can  be  performed.  The  task  then  supports  the  calculation  of 
geolocation  of  users’  terminals,  and  the  required  error  determination  experimentation 
involved. 

e.  Maintain  complete  operations  documentation.  This  subtasl:  provides  for  the 
maintenance  of  complete  logs  on  every  activity,  including  upload  commands  and 
downlinked  telemetry,  and  overseeing  health  of  the  satellite,  as  well  as  message  receipt, 
delay,  and  reply  situations. 

2.4  Task  4  -  Geolocation 

Objective:  Develop  and  demonstrate  a  GLOMR  capability  to  geolocate  beacons 

and  other  GLOMR  earth  stations. 

2.4.1  Task  4.1  -  Write  basic  gee  location  routines.  Geolocation  during 
operations  of  the  portable  earth  terminal,  beacon,  and  small  transceivers  requires  the 
application  of  known  theory,  including  Doppler,  through  special  software.  This  software 
package  development  is  ready  for  start-up,  and  when  completed  and  tested  will  be  the  core 
of  the  future  GLOMR  geolocation  operations. 

2.4.2  Task  4.2  -  Tnstall  PET  geolocation  calculator.  The  geolocation  calculator 
siiu.  .ir  to  that  derived  for  the  MGS  will  be  installed  and  tested  in  the  Portable  Earth 
Terminal  (PET).  Geolocation  data  will  be  analyzed  and  fed  back  to  remove  bias  and 
system  errors  in  data. 

2.4.3  Task  4.3  -  Analyze  DS1  data  for  geolocation.  DSI  records  GLOMR  data 
as  it  orbits.  This  machine  readable  data  will  be  used  to  simulate  inputs  to  the  geolocation 
routines.  Once  testing  and  demonstration  with  pre-recorded  data  is  completed,  live 
GLOMR  data  will  be  processed  and  demonstrated. 

2.4.4  Task  4.4  -  Test  geolocation  capability  and  analyze.  This  is  a  continuation 
of  Task  4.3  using  live  GLOMR  data.  The  accuracy  and  applicability  of  GLOMR 
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geolocation  will  be  tested  and  analyzed  for  fixed  and  mobile  targets,  with  and  without 
known  reference  emitters.  The  preliminary  estimates  shown  in  Figure  2.4-1  will  be 
refined. 

2.5  Task  5  -  Mission  Planning 

Objective:  Increase  automation  of  MGS  operations. 

The  current  MGS  operations  are  labor-intensive  and  need  increased  automation. 
This  task  prepares  new  software  to  permit  at  least  one  week's  mission  predictions  and 
command  interactions  to  be  carried  out  with  a  minimum  of  supervision. 

2.5.1  Task  5. 1  -  Integrate  DSI  and  PRC  mission  planning  segments.  A  current 
effort  at  Planning  Research  Corporation  (PRC)  is  developing  mission  planning  software  to 
permit  development  of  needed  prediction  data,  primarily  in  display  form.  These  results  will 
be  integrated  with  the  DSI  software  to  enable  improved  operations  and  clear  definition  of 
tasks  prior  to  satellite  passes. 

2.5.2  Tasks  5.2  and  5.3  -  Mission  planning  displays  and  macro  routines.  For 
quick  understanding  in  demonstrations  of  the  system,  screen  displays  for  mission  tasks, 
planning,  and  input/output  requires  new  software.  Function  key  entry  will  be  facilitated  by 
macro  routines  aggregating  chainable  tasks. 

2.6  Task  6.  Integrate/Test/Demonstrate. 

Objective:  Demonstrate  the  value  of  GLOMR  to  potential  users. 

This  task  brings  together  all  of  the  capabilities  developed  under  this  contract.  The 
necessary  software,  test  plans,  briefings  and  test  reports  will  be  developed. 

2.6. 1  Task  6.1  -  Demonstrate  PET  message.  This  task  covers  the  testing  and 
demonstration  of  the  existing  PET  message  capability.  This  experience  is  prerequisite  to 
developing  and  demonstrating  all  other  capabilities. 

2.6.2  Task  6.2  -  Mailbox  message  handler.  The  mailbox  message  handler  has 
been  planned  since  the  beginning  of  the  GLOMR  project.  It  will  be  a  data  file  manager  that 
greatly  simplifies  the  transmittal  of  numerous  messages  —  a  situation  that  becomes 
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somewhat  complex  because  of  the  GLOMR  store-and-forward  system.  For  even  a  modest 
number  of  users,  there  must  be  software  available  that  can  receive  incoming  messages, 
upload  them  at  the  right  time,  receive  downloaded  messages,  and  properly  tag  them  for 
recipients.  This  software  will  be  generated  for  message  handling  on  the  MGS  computer, 


and  on  appropriate  portable  terminals. 

2.6.3  Task  6.3  -  Integrate 


m  and  transceiver.  This  subtask 


provides  for  the  testing  and  integration  of  the  new  user  beacon/transceiver  with  the 
augmented  GLOMR  system. 

2.6.4  Task  6.4  -  Integrate  PSI.  PRC  and  ARDAK  operations  segments.  This 
subtask  will  integrate  the  essential  development  efforts  of  the  three  contractors  into  Final 
operations  segments  that  can  be  demonstrated.  In  addition,  this  effort  will  provide  graphic 
displays  for  easy  understanding  of  the  individual  GLOMR  functions  and  missions.  The 
task  also  includes  the  integration  of  the  planning  "macros,"  --  short  programs  that  chain 
together  necessary  commands  and  present  them  to  a  single  function  key  —  to  enable  easy 


demonstrations  to  potential  users. 

2.6.5  Task  6  5  Pemc 


;m.  Demonstrate  all  capabilities. 


As  all  the  former  capabilities  are  completed  and  operational,  this  subtask  will  provide  for 
demonstrations  of  all  capabilities  of  the  satellite  system,  particularly  the  portable  ground 
systems.  As  a  part  of  this  task  demonstration,  reports  will  be  furnished  summarizing 
comments  from  observers  and  potential  users.  Demonstration  plans  and  schedules  will  be 
coordinated  with  potential  users  including:  DARPA,  U.S.  Navy,  U.S.  Customs  Service, 
and  the  Department  of  Justice.  Other  potential  users  will  be  investigated  and  additional 
demonstrations  will  be  scheduled  if  satellite  health  and  demonstration  schedules  permit. 

3.0  Task  Flow  Diagram 

The  Task  Flow  Diagram  is  shown  in  Figure  3-1. 

4.0  Activity  Schedule 

The  Activity  Schedule  is  shown  in  Figures  4-1  and  4-2. 
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SECTION  1.  GENERAL 


1.1  Purpose  of  this  Test  Plan.  This  test  plan  for  Global  Low  Orbit  Message  Relay 
(GLOMR)  demonstrations  is  written  to  fulfill  the  following  objectives: 

a.  To  coordinate  an  orderly  schedule  of  events,  equipment  and  organizational 
requirements,  the  methodology  of  testing,  and  a  list  of  materials  needed  to  support 
tests/briefings/demonstrations. 

b.  To  provide  guidance  for  the  management  and  technical  effort  necessary 
throughout  the  test  period. 

c.  To  provide  a  written  record  of  the  actual  test  inputs,  the  instructions  to  permit 
execution  of  the  test,  and  the  expected  outputs. 

d.  To  communicate  to  the  users  the  nature  and  extent  of  the  tests  deemed  necessary 
to  provide  a  basis  for  evaluation  of  the  GLOMR  system. 


a.  DOD,  Standard  7935  -  Automated  Data  Systems  Documentation  Standards 

b.  DSI,  GLOMR  MGS  User's  Guide,  Oct  85 

c.  DSI,  Ground  User's  Terminal  (GUT,  PAT,  or  PET)  User’s  Guide,  Oct  85 

d.  PRC,  GEODE  User's  Manual,  Jan  86 


ARDAK 


The  GLOMR  system  integration  contractor 
DARPA  Defense  Advanced  Research  Projects  Agency 
DSI  Defense  Systems  Incorporated  -  the  GLOMR  hardware  contractor 

LGD  Liquid  Crystal  Dsiplay 

GEODE  Graphic  Earth  Orbit  Display  Environment 

GLOMR  Global  Low  Orbit  Message  Relay 

GMT  Greenwich  Mean  Time 

MGS  Master  Ground  Station  -  located  at  a  DSI  facility  in  McLean,  VA 

MPS  Mission  Planning  System 

PAT  Portable  Access  Terminal,  also  called  PET 

PET  Portable  Earth  Terminal  -  a  briefcase  size  message  terminal 

PRC  Planning  Research  Corporation 

RAM  Random  Access  Memory 

STO  Strategic  Technology  Office  of  DARPA 

Tandy  Radio  Shack  Corporation 
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SECTION!  DEVELOPMENT  TEST  ACTIVITY 
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2.1  Statement  of  Pretest  Acid  vitv.  The  following  test  activities  have  been  performed  prior 
to  this  test. 

a.  GLOMR  hardware  integration  test.  The  GLOMR  satellite  was  bench  tested  prior 
to  launch. 

b.  MGS  software  integration  test.  The  MGS  was  tested  in  the  lab. 

c.  PET  integration  test.  The  PET  hardware  and  software  were  tested  in  the  lab. 

d.  MGS-GLOMR-MGS  message  test.  Test  messages  were  uplinked  from  the 
MGS  and  received  back. 

e.  MGS-GLOMR-PET  message  test.  Test  messages  were  excanged  via  GLOMR 
from  the  DSI  contractor  facility. 

f.  DARPA  site  survey.  The  DARPA  rooftop  was  visually  inspected  for  field  of 
view  and  accessability. 

g.  DARPA  dry-run.  Test  messages  were  up-linked  from  the  MGS  and  received  by 
the  PET  at  DARPA. 


2.2  Pretest  Activity  Results.  All  of  the  above  pretest  activities,  except  for  the  dry-runs, 
have  been  performed  successfully.  A  known  limitation  is  the  occasional  loss  of  messages. 
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SECTION  3.  TEST  PLAN 


3.1  System  Description.  The  GLOMR  system  concept  is  illustrated  in  Figure  3.1-1.  The 
system  consists  of: 

o  One  inexpensive  satellite,  GLOMR,  in  low  earth  orbit  since  October  1985 
o  One  fixed  Mission  Ground  Station  (MGS) 
o  One  portable,  suitcase-size,  Portable  Earth  Terminal  (PET) 
o  Two  hand  held  Beacons  (to  be  procured),  and 
o  Tracking  and  ephimeris  update  services  provided  by  NAVSPASUR 


3.1.1  The  GLOMR  Satellite.  Figure  3.1-2  shows  GLOMR  and  its  dimensions.  Its 
roughly  spherical  shape  is  made  up  of  flat  squares  and  triangles.  The  outside  is  ringed  with 
solar  cells.  The  antenna  is  omnidirectional;  the  radio  operates  at  287.4MHz  transmit  and 
receive.  The  satellite  was  launched  from  Shuttle  flight  61 A  on  31  October  1985  with  an 
inclinitation  of  57.9  degrees.  With  the  low  orbit,  useful  passes  last  5  to  10  minutes.  The 
orbit  period  is  roughly  90  minutes.  Useful  passes  come  in  groups  of  three,  followed  by  a 
6-hour  gap. 

3.1.2  Mission  Ground  Station  fMGSl.  The  MGS  is  located  at  the  Defense  Systems 
Incorporated  offices  in  McLean,  Virginia.  It  consists  of  a  DEC  PDP-1 1  Minicomputer,  a 
transmitter  and  reciever  identical  to  that  inside  the  satellite,  and  an  antenna.  The  software 
performs  the  following  functions: 

o  Compute  pass  time  schedule  from  NAVSPASUR  ephemeris 


o  Create  tasking  for  the  satellite 

-  e.g.,  schedule  on/off  times 
o  Communicate  with  the  satellite 

-  build  and  send  messages 

-  receive  and  decode  messages  and  telemetry 

3.1.3  Portable  Earth  Terminal  fPET).  The  PET  is  a  suitcase  sized  terminal  for  sending  and 
receiving  GLOMR  messages.  The  PET  consists  of  a  lap  top  microcomputer,  the  TRS-80- 
100,  an  antenna,  and  a  transmitter  and  reciever  identical  to  that  in  the  MGS  and  the  satellite. 
The  computer  and  radio  are  housed  in  a  suitcase  sized  carrying  case.  The  microcomputer 
software  allows  the  operator  to  create  and  send  messages,  and  to  receive  and  display 
incomming  messages. 

3.1.4  The  Beacons.  These  are  small  transmitters  used  to  test  and  demonstrate  a  capability 
to  geolocate  the  transmitters.  The  beacons  are  hand  held  battery  operated  transmitters 
which  send  simple  signals  to  the  satellite.  The  doppler  shift  in  these  signals  is  computed 
and  relayed  to  the  MGS  or  PET  where  the  location  of  the  beacons  is  computed. 
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3.1.5  Tracking  and  F.phemeris.  The  Navy  Space  Survallence  Command  (NAVSPASUR), 
Dalghren,  Virginia,  provides  ephemeris  updates  to  DSI  via  Telex.  The  updates  are  used  to 
project  pass  schedules.  The  time  of  the  passes  is  needed  to  know  when  to  turn  on  receivers 
and  when  to  transmitt  messages. 

3.2  Testing  Schedule.  The  GLOMR  tests  will  be  conducted  during  the  period  May  1986 
to  September  1986. 

3.3  Test  1  -  DARPA  Demonstration.  This  test  will  be  perfomed  at  Hq  DARPA,  1400 
Wilson  Boulevard,  Rosslyn,  Virgina.  This  deomonstration  was  requested  by  Lt.  Col. 
Brian  Bell,  DARPA,  for  the  benefit  of  Dr.  Anthony  Tether,  Director,  DARPA  Strategic 
Technology  Office  (STO).  The  demonstation  will  be  performed  by  ARDAK  Corporation, 
the  GLOMR  systems  integration  contractor,  and  DSI,  the  GLOMR  hardware  contractor. 

3.3.1  DARPA  Milestones. 

24  May  86  Site  survey  at  DARPA 
27  May  86  First  Dry-run  at  DARPA 
03  Jun  86  Second  Dry-run  at  DARPA 
04  Jun  86  Demonstration  at  DARPA 

3.3.2  Equipment  Requirments. 

a.  The  MGS  at  DSI  will  be  used  to  uplink  test  messages. 

b.  The  PET  will  be  transported  to  DARPA  and  setup  on  the  roof. 

3.3.3  Software.  All  software  being  tested  is  part  of  the  operational  system.  No  special 
test  software  is  needed. 

3.3.4  Personnel.  During  the  pre-pass  briefing,  personnel  will  be  located  as  follows. 

a.  Rooftop  One  PET  hardware  technician,  DSI 

b.  Conference  Room  (For  the  pass,  all  of  these  people  will  move  to  the 

roof  to  see  the  PET.) 

Briefer  Mr.  N.  Helm,  ARDAK 

Audience  Mr.  J.  Gilchrist,  ARDAK 

Mr.  J.  O'Neill,  DSI 
Mr.  J.  Slack,  President,  ARDAK 
Dr.  A.  Tether,  Director,  DARPA/STO 


c.  MGS,  in  McLean 


Dr.  K.  Reiss,  DSI 


3.3.5  User  Orientation  Plan.  Since  GLOMR  is  an  experimental  proof  of  concept  system, 
the  purpose  of  this  demonstration  is  simply  to  orient  potential  program  users  to  the 
capabilities  and  advantages  of  GLOMR. 

3.3.6  Test  Materials.  Prior  to  the  demonstration,  test  messages  will  be  generated  on  the 
MGS  and  uplinked.  For  the  demonstration,  Vugraphs  and  a  briefing  board  have  been 
developed.  The  PET  technician  on  the  roof  will  bring  the  following: 

o  Compass 
o  Accurate  watch 
o  Umbrella 
o  Sun  Glasses 


3.3.6. 1  Deliverable  Materials.  Copies  of  the  briefing  and  this  test  plan  will  be  handed  out. 
Since  an  operational  capability  is  not  being  delivered,  no  technical  user  documentation  will 
be  delivered. 

3. 3. 6.2  Site  Supplied  Materials.  DARPA  will  provide  use  of: 

a.  Rooftop  -  for  site  survey,  dry-run,  and  demonstartion. 

b.  Conference  room  with  Vugraph  projector  and  screen  -  for  the  demonstration. 

c.  Escorts  as  required  by  DARPA  proceedures  -  for  visiting  personnel 

3.3.7  Security  and  Privacy.  The  use  of  GLOMR  is  presently  UNCLASSIFIED.  The 
GLOMR  system  is  not  intended  for  the  processing  of  data  protected  under  the  Privacy  Act. 


SECTION  4.  TEST  SPECIFICATION  AND  EVALUATION 


4.1.1.  Requirements.  This  test  will  demonstrate  satisfaction  of  the  requirement  to  send 
messages  via  the  GLOMR  satellite,  which  includes  the  ability  to  uplink  a  message,  store  the 
message  in  GLOMR  and  forward  the  message  to  another  ground  station. 


demonstration. 


mctions.  The  following  functions  will  be  exercised  in  support  of  this 


a.  Satellite  Tracking.  NAVSPASUR  provides  updated  ephimeris  data  twice 


weekly. 

b.  Mission  Planning. 

(1)  Opportunity  Schedule.  The  times  when  GLOMR  passes  over  the  MGS 
and  DARPA  are  computed  from  the  NAVSPASUR  ephimerides.  The  demonstration  and 
dry-runs  are  scheduled  accordingly. 

(2)  Pass  Plot.  The  PRC  software,  GEODE,  is  used  to  generate  a  computer 
plot  showing  the  map  of  the  U.S.  overlaid  with  the  selected  in- view  satellite  passes. 

c.  Message  Generation.  Test  messages  are  created  on  the  MGS. 

d.  Message  Uplink.  The  test  messages  are  transmitted  from  the  MGS  to  the 
satellite. 

e.  Message  Store.  The  test  messages  are  stored  inside  GLOMR  until  contact  is 
made  with  the  destination  user. 

f.  Message  Downlink.  As  the  satellite  passes  DARPA,  a  scheduled  command 
starts  "beeping"  the  GLOMR  transmitter.  The  PET  responds  to  this  contact  and  the 
messages  addressed  to  the  PET  are  downlinked. 

g.  PET  Communications.  The  PET  performs  the  required  GLOMR  handshaking, 
receives  the  message(s),  stores  them  in  internal  memory,  and  displays  the  message  to  the 
users. 

4.2  Data  Recording.  Copies  of  all  briefing  materials  will  be  made  for  inclusion  in  the  test 
analysis  report  ARDAK  personnel  will  request  user  feedback  on  the  demonstration  and  on 
the  potential  applications  of  GLOMR.  These  feedback  comments  will  be  incoporated  in  the 
test  analysis  report,  and  collected  for  the  Final  Technical  Report,  which  will  summarize 
recommendations  for  future  system  enhnacements  and  problem  fixes. 


4.3.1  Test  Data  Criteria.  The  demonstration  will  be  considered  successful  if  the  test 
message  which  was  uplinked  is  received  and  displayed  without  error. 

4.3.2  Test  Data  Reduction.  System  test  output  will  be  displayed  on  the  PET  TRS-80- 1 00 
screen,  inspected  visually,  and  manually  copied  down. 
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SECTION  5.  TEST  DESCRIPTION 


5.1  Test  Description.  The  prupose  of  this  test  is  to  demonstrate  the  GLOMR  message 
capability.  A  test  message  will  be  uplinked  form  the  MGS,  stored  in  the  satellite,  and 
downlinked  to  the  PET.  The  MGS  is  located  in  McLean,  Virginia.  The  PET  will  be 
transported  to  DARPA  and  setup  on  the  rooftop  facing  the  azmituh  of  the  pass.  Prior  to  the 
pass,  a  short  briefing  will  be  given  in  the  STO  conference  room.  Then  the  audience  will 
take  the  elevator  and  stairs  to  the  roof  where  the  PET  is  setup.  As  the  satellite  passes,  the 
PET  will  communicate  with  GLOMR  and  store  the  test  message  in  a  buffer  which  will  be 
displayed. 

5.2  Test  Control.  The  test  will  be  initiated  by  manual  means.  The  pass  opportunity 
schedule  gives  the  rise  time  of  the  pass;  using  a  wristwatch,  the  PET  operator  will  set  the 
current  GMT  time  and  schedule  the  PET  communications  sequence.  The  PET  will  then 
automatically  wait  to  be  contacted  by  the  GLOMR  satellite.  Once  contacted,  the  PET  and 
GLOMR  automatically  exchange  handshaking  signals,  the  GLOMR  telemetry  packet  and 
any  messages. 

5.3  Test  Data.  Test  messages  will  be  created  and  typed  into  the  MGS  -  see  the  MGS 
User's  Manual,  reference  1.2.b.  The  test  message  is: 

TEAL  RUBY:  Eat  your  heart  out.  Good  luck  to  Tony  from  GLOMR. 


5.4  Input  Commands.  The  PET  operator  enters  the  appropriate  rise  time  (GMT)  into  the 
event  table,  EVTTABLE,  using  the  system  editor  and  then  enters  the  following  command 
sequence  (see  the  PET  User's  Manual,  reference  1.2.c): 


Computer 


Operator  Comment 


MAIN  MENU: 

SEND  FILE  NAME: 
RECEIVE  FILE  NAME: 
?DFTND-F-File  not  found 
Sending  File 
Press  any  Key 


C  <enter> 

<enter> 

RECEIVE  <enter> 


Communicate 

None 

RAM  file  name 
No  file  to  send 
Ignore 

Wait  for  contact 


0000  bad  blocks  received 

<space> 

MAIN  MENU:  E  <enter> 

FILE:  RECEIVE 


Contract  made 
Reactivate  main  menu 
Editor 

Display  contents 


5.5  Output  Data.  There  should  be  three  audible  clicks  from  the  PET  antenna  switch  during 
the  handshaking  and  message  downlink  sequence.  The  received  message  will  be  stored  in 
a  RAM  file,  called  RECEIVE.  Once  recieved,  the  contents  of  RECEIVE  are  displayed  on 
the  TRS-80- 100  LCD  screen  using  the  system  editor.  Since  there  is  currently  no  printer 
connected  to  the  TRS-80- 100,  the  displayed  message(s)  will  be  copied  manually.  The 
display  should  resemble  the  following: 

*ZPRSTQWP  (telemetry  line) 

TEAL  RUBY:  Eat  your  heart  out.  Good  luck  to  Tony  from  GLOMR. 
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5.6  Test  Termination.  The  PET  will  be  packed  up  and  returned  to  DSI.  The  test  will  be 
discussed  with  the  audience  to  answer  any  questions  and  to  solicit  user  feedback  on 
GLOMR  and  the  demonstration  itself. 
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Office  of  Naval  Research 
800  North  Quincy  Street 
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SECTION  1.  GENERAL 


1.1  Purpose  of  this  Test  Plan.  This  test  plan  for  Global  Low  Orbit  Message  Relay 
(GLOMR)  demonstrations  is  written  to  fulfill  the  following  objectives: 

a.  To  coordinate  an  orderly  schedule  of  events,  equipment  and  organizational 
requirements,  the  methodology  of  testing,  and  a  list  of  materials  needed  to  support 
tests /briefings/demonstrations. 

b.  To  provide  guidance  for  the  management  and  technical  effort  necessary 
throughout  the  test  period. 

c.  To  provide  a  written  record  of  the  actual  test  inputs,  the  instructions  to  permit 
execution  of  the  test,  and  the  expected  outputs. 

d.  To  communicate  to  the  users  the  nature  and  extent  of  the  tests  deemed  necessary 
to  provide  a  basis  for  evaluation  of  the  GLOMR  system. 

e.  To  familarize  the  readers  with  the  components  of  the  system  -  the  satellite,  the 
Master  Ground  Station  (MGS),  the  Portable  Earth  Terminal  (PET),  the  beacons,  and 
NAVSPASUR  ephemeris  updates. 


a.  DOD,  Standard  7935  -  Automated  Data  Systems  Documentation  Standards 

b.  DSI,  GLOMR  MGS  User’s  Guide,  Oct  85 

c.  DSI,  Ground  User's  Terminal  (GUT,  PAT,  or  PET)  User's  Guide,  Oct  85 

d.  PRC,  GEODE  User's  Manual,  Jan  86 

e.  ARDAK,  Beacon  Operations  Manual,  Aug  86 


hi: 
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ARDAK 


The  GLOMR  system  integration  contractor 
DARPA  Defense  Advanced  Research  Projects  Agency 
DSI  Defense  Systems  Incorporated  -  the  GLOMR  hardware  contractor 

LCD  Liquid  Crystal  Display 

GEODE  Graphic  Earth  Orbit  Display  Environment 

GLOMR  Global  Low  Orbit  Message  Relay 

GMT  Greenwich  Mean  Time  -  also  called  Zulu  time 

MGS  Master  Ground  Station  -  located  at  a  DSI  facility  in  McLean,  VA 

MPS  Mission  Planning  System 

NAVSPASUR  Navy  Space  Surveillance  Command,  Dalghren,  VA 

ONR  Office  of  Naval  Research 

PAT  Portable  Access  Terminal,  also  called  PET 

PET  Portable  Earth  Terminal  -  a  briefcase  size  message  terminal 

PRC  Planning  Research  Corporation  -  a  software  subcontractor 

RAM  Random  Access  Memory 

TRS  Tandy  Radio  Shack  Corporation 


SECTION  2.  DEVELOPMENT  TEST  ACTIVITY 


2. 1  Statement  of  Pretest  Activity.  The  following  test  activities  have  been  performed  prior 
to  this  test. 

a.  GLOMR  hardware  integration  test.  The  GLOMR  satellite  was  bench  tested  prior 
to  launch. 

b.  MGS  software  integration  test  The  MGS  was  tested  in  the  lab. 

c.  MGS-GLOMR-MGS  message  test  Test  messages  were  uplinked  from  the 
MGS  and  received  back. 

d.  MGS-GLOMR  uplink  message.  The  MGS  uplinked  a  message  for  this 
demonstration  on  orbit  number  5103  at  01:00  GMT. 

e.  Beacon  geolocation  test  Normally,  a  beacon  will  be  used  to  uplilnk  signals  for 
geolocation.  This  data  is  then  relayed  by  GLOMR  to  the  MGS  and  carried  to  PRC  for 
analysis.  For  this  demonstration,  however,  clock  problems  in  the  satellite  have  eliminated 
beacon  geolocation  data  from  being  part  of  this  demonstration. 

2.1  Pretest  Activity  Results.  The  geolocation  tests  have  experienced  difficulties  in 
downlinking  data  due  to  satellite  and  MGS  operational  problems  and  procedural  errors.  A 
known  limitation  in  the  message  relay  tests  and  demonstrations  is  the  random  loss  of 
messages,  primarily  due  to  operational  defects  in  the  satellite. 
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SECTION  3.  TEST  PLAN 


3.1  System  Description.  The  GLOMR  system  concept  is  illustrated  in  Figure  3.1-1.  The 
system  consists  of: 

o  One  inexpensive  satellite,  GLOMR,  in  low  earth  orbit  since  October  1985 
o  One  fixed  Master  Ground  Station  (MGS),  located  at  DSI 
o  One  Portable  Earth  Terminal  (PET),  suitcase-sized 
o  Two  Beacons  (7cm  x  23cm  x  23cm)  operated  stationary  or  mobile,  and 
o  Tracking  and  ephemeris  update  services  provided  by  NAVSPASUR 


3.1.1  The  GLOMR  Satellite.  Figure  3.1-2  shows  GLOMR  and  its  dimensions.  Its 
roughly  spherical  shape  is  made  up  of  flat  squares  and  triangles.  The  outside  flat  square 
surfaces  are  covered  with  solar  cells.  The  antenna  is  omnidirectional;  the  radio  operates  at 
287.4MHz  transmit  and  receive.  The  satellite  was  launched  from  Shuttle  flight  61 A  on  31 
October  1985  with  an  inclinitation  of  57.9  degrees.  With  the  low  orbit,  useful  passes  last  5 
to  10  minutes.  The  orbit  period  is  roughly  90  minutes.  Potential  passes  come  in  groups  of 
three,  followed  by  a  6-hour  gap. 

3.1.2  Master  Ground  Station  (MGS1.  The  MGS  is  located  at  the  Defense  Systems 
Incorporated  offices  in  McLean,  Virginia.  It  consists  of  a  transmitter  (lOw  output)  and 
receiver  identical  to  that  inside  the  satellite,  an  antenna,  and  a  DEC  PDP-1 1  Minicomputer. 
The  software  performs  the  following  functions: 

o  Compute  pass  time  schedule  from  NAVSPASUR  ephemeris 

o  Create  tasking  for  the  satellite 

-  e.g.,  schedule  on/off  times 

o  Communicate  with  the  satellite 

-  build  and  send  messages 

-  receive  and  decode  messages,  telemetry,  and  geolocation  data 

3.1.3  Portable  Earth  Terminal  fPET).  The  PET  is  a  suitcase  sized  terminal  for  sending  and 
receiving  GLOMR  messages.  The  PET  consists  of  a  lap  top  microcomputer,  the  TRS-80- 
100,  a  helix  antenna,  and  a  transmitter  and  receiver  identical  to  that  in  the  MGS  and  the 
satellite.  The  computer  and  radio  are  housed  in  a  suitcase  sized  carrying  case.  The 
microcomputer  software  allows  the  operator  to  create  and  send  messages,  and  to  receive 
and  display  incomming  messages,  but  no  geolocation  data. 

3.1.4  The  Beacons.  These  are  small  transmitters  designed  and  procured  by  ARDAK  and 
used  to  test  and  demonstrate  a  capability  to  geolocate  the  transmitters  (by  an  inverse  doppler 
method).  The  beacons  are  hand  held  battery  operated  transmitters,  with  2  watts  of  output 
power,  which  send  simple  signals  to  the  satellite.  The  doppler  shift  in  these  signals  is 
computed  and  relayed  to  the  MGS  where  the  location  of  the  beacons  can  be  computed  by 
PRC  software. 
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3.1.5  Tracking  and  Ephemeris.  The  Navy  Space  Surveillence  Command 
(NAVSPASUR),  Dalghren,  Virginia,  provides  ephemeris  updates  to  DSI  via  Telex.  The 
updates  are  used  to  project  pass  schedules.  The  ephemeris  data  consists  of:  epoch, 
inclinination,  eccentricity,  mean  motion,  decay  and  other  information.  The  time  of  the 
passes  is  needed  to  know  when  to  turn  on  receivers  and  when  to  transmitt  messages. 


3.2  Testing  Schedule.  The  GLOMR  message  relay  tests  are  being  conducted  from  June  to 
October  1986.  Geolocation  tests  commenced  in  August  and  are  also  continuing.  The 
integration  of  message  relay  and  geolocation  tests  and  demonstrations  are  scheduled  from 
Septmember  until  the  end  of  operational  life  of  the  satellite. 


3.3  Test  1  -  Message  Relav  Demonstration.  Todays  demonstration  will  be  perfomed  at 
DSI  in  McLean,  Virgina,  by  DSI,  the  GLOMR  hardware  contractor  and  ARDAK,  the 
systems  integration  contractor. 
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3.3.1  Test  1  -  Milestones. 

09  Sep  86  Dry-run  at  DSI 
10  Sep  86  Demonstration  at  DSI 

3.3.2  Test  1  -  Equipment  Requirements. 

a.  The  MGS  at  DSI  will  be  used  to  uplink  test  messages. 

b.  The  MGS  at  DSI  will  also  be  used  to  downling  the  test  messages. 

c.  The  PET  the  bench  test  setup,  and  a  beacon  will  be  on  static  display 

3.3.3  Software.  All  software  being  tested  is  part  of  the  operational  system.  No  special 
test  software  is  needed.  Geolocation  data  will  be  passed  on  to  PRC  where  a  new  software 
program  will  be  utilized  to  analyze  the  data  for  correct  latitude/longitude/bias. 

3.3.4  Personnel.  During  the  pre-pass  briefing,  personnel  will  be  located  as  follows. 

a.  MGS  MGS  engineer  -  Mr.  D.  Powell 

b.  Conference  Room  (For  the  pass,  all  of  these  people  will  move  to  the 

MGS) 

LtCol.  B.  Bell,  DARPA 
LtCol.  J.  Crockett,  USA 
MajGen.  R.  Donahue,  USA 
Mr.  N.  Helm,  ARDAK 
Gen. (Ret)  S.  Mever 
Mr.  J.  O  Neil,  DSI 
Dr.  G.  Sebestyen,  DSI 
Mr.  J.  Slack,  ARDAK 
LtCol.  N.  Styer,  USA 
BrigGen.  B.  Thomas,  USA 

A  beacon  transmitter  will  be  in  the  conference  room  on  static  display. 
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3.3.5  User  Orientation  Plan.  Since  GLOMR  is  an  experimental  proof  of  concept  system, 
the  purpose  of  this  demonstration  is  simply  to  orient  potential  program  users  to  the 
technical  and  operational  capabilities  of  the  GLOMR  satellite  system. 

3.3.6  Test  Materials.  Prior  to  the  demonstration,  test  messages  will  be  generated  and 
uplinked  by  the  MGS.  For  the  demonstration,  vugraphs  and  a  test  plan  have  been 
developed.  The  technician  will  bring  the  following: 

o  Compass 

o  Accurate  watch  (GMT) 
o  Pass  opportunity  schedule 

3.3.6. 1  Test  Plan  Document.  ARDAK  has  prepared  this  test  plan  which  documents  the 
DoD  standard  test  procedures,  including  the  technical  and  operational  parameters  of  the 
test,  the  pretest  activities,  test  planning,  activities  and  proposed  results. 

3. 3. 6. 2  Deliverable  Materials.  Copies  of  the  briefing  and  this  test  plan  will  be  handed  out. 
Since  an  operational  capability  is  not  being  delivered,  no  technical  user  documentation  will 
be  delivered. 

3. 3. 6. 3  Site  Supplied  Materials.  DSI  will  demonstrate  and  provide  use  of: 

a.  MGS  for  dry-run  and  demonstration. 

b.  Conference  room  with  VCR/TV,  Vugraph  projector  and  screen. 

c.  Escorts  as  required  by  DSI  procedures  -  for  visiting  personnel 

d.  Bench  test  setup  with  spare  GLOMR  satellite 

e.  The  PET  on  static  display 

f.  A  beacon  on  static  display. 


3.3.7  Security  and  Privacy.  The  use  of  GLOMR  is  presently  UNCLASSIFIED.  The 
GLOMR  system  is  not  intended  for  the  processing  of  data  protected  under  the  Privacy  Act. 


SECTION  4.  TEST  SPECIFICATION  AND  EVALUATION 


4,1  Test  Specification. 

4.1.1.  Requirements.  This  test  will  demonstrate  satisfaction  of  the  requirement  to  send 
messages  via  the  GLOMR  satellite,  which  includes  the  ability  to  uplink  a  message,  store  the 
message  in  GLOMR  and  forward  the  message  to  another  ground  station.  No  beacon 
geolocation  data  will  be  required  as  part  of  this  demonstration. 

4.1.2  Svstem  Functions.  The  following  functions  will  be  exercised  in  support  of  this 
demonstration. 

a.  Satellite  Tracking.  NAVSPASUR  provides  updated  ephemeris  data  twice 
weekly. 

b.  Mission  Planning. 

(1)  Opportunity  Schedule.  The  times  when  GLOMR  passes  over  the 
MGS/beacon  are  computed  from  the  NAVSPASUR  ephemerides.  The  demonstration  and 
dry-runs  are  scheduled  accordingly. 

(2)  Pass  Plot.  The  PRC  software,  GEODE,  is  used  to  generate  a  computer 
plot  showing  the  map  of  the  U.S.  overlaid  with  the  selected  uplink  and  downlink  satellite 
passes.  A  copy  of  the  plot  is  attached  to  this  test  plan. 

c.  Message  Generation.  Test  messages  are  created  on  the  MGS. 

d.  Message  Uplink.  The  test  messages  are  transmitted  from  the  MGS  to  the 
satellite. 

e.  Message  Store.  The  test  messages  are  stored  inside  GLOMR  until  contact  is 
made  with  the  destination  user. 

f.  Message  Downlink.  As  the  satellite  passes  the  MGS,  a  scheduled  command 
starts  the  GLOMR  transmitter  polling  for  the  scheduled  contact  The  MGS  responds  with  a 
"handshake”  signal  to  this  contact  and  the  messages  addressed  to  the  MGS  are 
downlinked. 

4.2  Data  Recording.  Copies  of  all  briefing  materials  will  be  made  for  inclusion  in  the  test 
analysis  report  ARDAK  personnel  will  request  user  feedback  on  the  demonstration  and  on 
the  potential  applications  of  GLOMR.  These  feedback  comments  will  be  incorporated  in 
the  test  analysis  report  and  collected  for  the  Final  Technical  Report  which  will  summarize 
recommendations  for  future  system  enhancements  and  problem  fixes. 

4.3  Test  Evaluation- 

4.3.1  Test  Data  Criteria.  The  demonstration  will  be  considered  successful  if  the  test 
message  which  was  uplinked  is  received  and  displayed  without  error.  Other  technical  and 
operational  parameters  will  be  evaluated  to  insure  proper  maintenance  standards,  along  with 
proper  logging  and  recording;  these  data  will  be  kept  for  retrieval,  the  final  report,  and 
archival  purposes. 

4.3.2  Test  Data  Reduction.  System  test  output  will  be  displayed  on  the  MGS  screen, 
inspected  visually,  and  printed  out. 


SECTION  5.  TEST  DESCRIPTION 


5.1  Test  Description.  The  purpose  of  this  test  is  to  demonstrate  the  GLOMR  message 
capability.  A  test  message  will  be  uplinked  from  the  MGS,  stored  in  the  satellite,  and 
downlinked  to  the  MGS.  The  MGS  is  located  in  McLean,  Virginia.  Prior  to  the  pass,  a 
short  briefing  will  be  given  in  the  conference  room.  As  the  satellite  passes,  the  MGS  will 
communicate  with  GLOMR  and  store  the  test  message  in  a  buffer  which  will  be  displayed. 

5.2  Test  Control.  The  test  will  be  initiated  by  manual  means.  The  pass  opportunity 
schedule  gives  the  rise  time  of  the  pass;  using  a  wristwatch,  the  MGS  operator  will  set  the 
current  GMT  time  and  schedule  the  communications  sequence.  The  MGS  will  then 
automatically  wait  to  be  contacted  by  the  GLOMR  satellite.  Once  contacted,  the  MGS  and 
GLOMR  automatically  exchange  handshaking  signals,  the  GLOMR  telemetry  packet  and 
any  messages  are  then  downlinked. 

5.3  Test  Data.  Test  messages  will  be  created  and  typed  into  the  MGS  -  see  the  MGS 
User's  Manual,  reference  1.2.b.  The  test  message  is: 

GLOMR  WELCOMES  GENS  DONAHUE  AND  THOMAS 

5.4  Input  Commands.  The  MGS  operator  enters  the  appropriate  rise  time  (GMT) . 

5.5  Output  Data.  Once  received,  the  contents  of  the  message  are  displayed  on  the  screen 
and  printed  out.  The  display  should  resemble  the  following: 

GLOMR  WELCOMES  GENS  DONAHUE  AND  THOMAS 

The  received  message  will  also  be  stored  in  a  file. 

5.6  Test  Termination.  The  test  will  be  discussed  with  the  audience  to  answer  any 
questions  and  to  solicit  user  feedback  on  GLOMR  and  the  demonstration  itself. 
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SECTION  1.  GENERAL 


1.1  Purpose  of  this  Test  Plan.  This  test  plan  for  Global  Low  Orbit  Message  Relay 
(GLOMR)  demonstrations  is  written  to  fulfill  the  following  objectives: 

a.  To  coordinate  an  orderly  schedule  of  events,  equipment  and  organizational 
requirements,  the  methodology  of  testing,  and  a  list  of  materials  needed  to  support 
tests/briefings/demonstrations. 

b.  To  provide  guidance  for  the  management  and  technical  effort  necessary 
throughout  the  test  period. 

c.  To  provide  a  written  record  of  the  actual  test  inputs,  the  instructions  to  permit 
execution  of  the  test,  and  the  expected  outputs. 

d.  To  communicate  to  the  users  the  nature  and  extent  of  the  tests  deemed  necessary 
to  provide  a  basis  for  evaluation  of  the  GLOMR  system. 

e.  To  familarize  the  readers  with  the  components  of  the  system  -  the  satellite,  the 
Master  Ground  Station  (MGS),  the  Portable  Earth  Terminal  (PET),  the  beacons,  and 
NAVSPASUR  ephemeris  updates. 

1.2  Project  References. 

a.  DOD,  Standard  7935  -  Automated  Data  Systems  Documentation  Standards 

b.  DSI,  GLOMR  MGS  User's  Guide,  Oct  85 

c.  DSI,  Ground  User's  Terminal  (GUT,  PAT,  or  PET)  User's  Guide,  Oct  85 

d.  PRC,  GEODE  User's  Manual,  Jan  86 

e.  ARDAK,  Beacon  Operations  Manual,  Aug  86 
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ARDAK  The  GLOMR  system  integration  contractor 

DARPA  Defense  Advanced  Research  Projects  Agency 

DSI  Defense  Systems  Incorporated  -  the  GLOMR  hardware  contractor 

LCD  Liquid  Crystal  Display 

GEODE  Graphic  Earth  Orbit  Display  Environment 

GLOMR  Global  Low  Orbit  Message  Relay 


GMT 

MGS 


Greenwich  Mean  Time  -  also  called  Zulu  time 

Master  Ground  Station  -  located  at  a  DSI  facility  in  McLean,  VA 


MPS  Mission  Planning  System 

NAVSPASL'R  Navy  Space  Surveillance  Command,  Dalghren,  VA 


ONR 


RAM 


uses 


Office  of  Naval  Research 

Portable  Access  Terminal,  also  called  PET 

Portable  Earth  Terminal  -  a  briefcase  size  message  terminal 

Planning  Research  Corporation  -  a  software  subcontractor 

Random  Access  Memory 

Tandy  Radio  Shack  Corporation 

United  States  Customs  Service 
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SECTION  2.  DEVELOPMENT  TEST  ACTIVITY 


2.1  Statement  of  Pretest  Activity.  The  following  test  activities  have  been  performed  prior 
to  this  test. 

a.  GLOMR  hardware  integration  test.  The  GLOMR  satellite  was  bench  tested  prior 
to  launch. 


£  b.  MGS  softw'are  integration  test  The  MGS  was  tested  in  the  lab. 

c.  The  beacons  were  bench  tested,  and  then  as  part  of  their  acceptance  tests,  were 
successfully  tested  with  the  satellite. 

d.  Pass  opportunity  schedule.  Detailed  schedules  of  available  passes  are  printed 
out  for  use  in  planning  the  demonstrations  and  scheduling  the  satellite  contacts. 

V  e.  Schedule  uplink.  The  task  list  for  the  satellite  to  execute  is  uplinked  by  the 

MGS.  In  this  test  and  demonstration  the  satellite  is  scheduled  the  early  afternoon  of 
October,  02  to  poll  the  beacon  in  San  Diego,  CA  three  times  during  orbit  5341 . 

f.  Clock  set.  If  necessary,  the  satellite  clock  is  updated  to  the  current  time. 

g.  Beacon  geolocation  test.  A  beacon  is  used  to  uplink  signals  for  geolocation. 

-  This  data  is  then  relayed  by  GLOMR  to  the  MGS  and  carried  to  PRC  for  analysis. 

2.2  Pretest  Activity  Results.  The  geolocation  tests  have  experienced  difficulties  in 
downlinking  data  due  to  satellite  and  MGS  operational  problems  and  procedural  errors.  A 
known  limitation  in  the  message  relay  tests  and  demonstrations  is  the  random  loss  of 
messages,  primarily  due  to  operational  defects  in  the  satellite. 
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SECTION  3.  TEST  PLAN 
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3.1  System  Description.  The  GLOMR  system  concept  is  illustrated  in  Figure  3.1-1.  The 
system  consists  of: 

o  One  inexpensive  satellite,  GLOMR,  in  low  earth  orbit  since  October  1985 
o  One  fixed  Master  Ground  Station  (MGS),  located  at  DSI 
o  One  Portable  Earth  Terminal  (PET),  suitcase-sized 
o  Two  Beacons  (7cm  x  23cm  x  23cm)  operated  stationary  or  mobile,  and 
o  Tracking  and  ephemeris  update  services  provided  by  NAVSPASUR 


3.1.1  The  GLOMR  Satellite.  Figure  3.1-2  shows  GLOMR  and  its  dimensions.  Its 
roughly  spherical  shape  is  made  up  of  flat  squares  and  triangles.  The  outside  flat  square 
surfaces  are  covered  with  solar  cells.  The  antenna  is  omnidirectional;  the  radio  operates  at 
287.4MHz  transmit  and  receive.  The  satellite  was  launched  from  Shuttle  flight  61A  on  31 
October  1985  with  an  inclinitation  of  56.9  degrees.  With  the  low  orbit,  useful  passes  last  5 
to  10  minutes.  The  orbit  period  is  roughly  90  minutes.  Potential  passes  come  in  groups  of 
three,  followed  by  a  6-hour  gap. 

3.1.2  Master  Ground  Station  fMGSl.  The  MGS  is  located  at  the  Defense  Systems 
Incorporated  offices  in  McLean,  Virginia.  It  consists  of  a  transmitter  (lOw  output)  and 
receiver  identical  to  that  inside  the  satellite,  an  antenna,  and  a  DEC  PDP-1 1  Minicomputer. 
The  software  performs  the  following  functions: 

o  Compute  pass  time  schedule  from  NAVSPASUR  ephemeris 

o  Create  tasking  for  the  satellite 

-  e.g.,  schedule  on/off  times 


y,  o  Communicate  with  the  satellite 

/;  -  build  and  send  messages 

-  receive  and  decode  messages,  telemetry,  and  geolocation  data 

%  3.1.3  Portable  Earth  Terminal  fPET).  The  PET  is  a  suitcase  sized  terminal  for  sending  and 

receiving  GLOMR  messages.  The  PET  consists  of  a  lap  top  microcomputer,  the  TRS-80- 
100,  a  helix  antenna,  and  a  transmitter  and  receiver  identical  to  that  in  the  MGS  and  the 
>;■  satellite.  The  computer  and  radio  are  housed  in  a  suitcase  sized  carrying  case.  The 

microcomputer  software  allows  the  operator  to  create  and  send  messages,  and  to  receive 
and  display  incomming  messages,  but  no  geolocation  data.  A  hand  held  PET  is  currently 
r»  being  developed  by  Defense  Systems,  Inc.  of  McLean,  VA.  This  unit  has  a  built  in 

v  keyboard  and  can  primarily  duplicate  the  suitcase  terminal. 


v.. 


£ 


N 


3.1.4  The  Beacons.  These  are  small  transmitters  designed  and  procured  by  ARDAK  and 
used  to  test  and  demonstrate  a  capability  to  geolocate  the  transmitters  (by  an  inverse  doppler 
method).  The  beacons  are  hand  held  battery  operated  transmitters,  with  2  watts  of  output 
power,  which  send  simple  signals  to  the  satellite.  The  doppler  shift  in  these  signals  is 
computed  and  relayed  to  the  MGS  where  the  location  of  the  beacons  can  be  computed  by 
PRC  software. 
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3.1.5  Tracking  and  Ephemeris.  The  Navy  Space  Surveillence  Command 
(NAVSPASUR),  Dalghren,  Virginia,  provides  ephemeris  updates  to  DSI  via  Telex.  The 
updates  are  used  to  project  pass  schedules.  The  ephemeris  data  consists  of:  epoch, 
inclinination,  eccentricity,  mean  motion,  decay  and  other  information.  The  time  of  the 
passes  is  needed  to  know  when  to  turn  on  receivers  and  when  to  transmitt  messages. 

3.2  Testing  Schedule.  The  GLOMR  message  relay  tests  are  being  conducted  from  June  to 
October  1986.  Geolocation  tests  commenced  in  August  and  are  also  continuing.  The 
integration  of  message  relay  and  geolocation  tests  and  demonstrations  are  scheduled  from 
September  until  the  end  of  operational  life  of  the  satellite. 

3.3  Test  1  -  Geolocation  Demonstration.  The  demonstration  will  be  perfomed  at  the  U.S. 
Customs  Service  (USCS),  San  Diego,  California,  by  ARDAK  Corporation,  the  systems 
integration  contractor. 


01  Oct  86  Demonstration  at  USCS  El  Paso,  TX 
02  Oct  86  Demonstration  at  USCS  San  Diego,  CA 


a.  The  MGS  at  DSI  will  be  used  to  downlink  geolocation  data. 

b.  The  Beacon  at  the  USCS  will  be  used  to  uplink  geolocation  data. 

3.3.3  Software.  All  software  being  tested  is  part  of  the  operational  system.  No  special 
test  software  is  needed.  Geolocation  data  will  be  passed  on  to  PRC  where  a  new  software 
program  will  be  utilized  to  analyze  the  data  for  correct  latitude/longitude/bias. 

3.3.4  Personnel.  During  the  pre-pass  briefing,  personnel  will  be  located  at  the  USCS. 
The  briefer  will  be  Mr.  Neil  Helm,  ARDAK  Corporation,  Director  of  Communications 
Systems.  For  the  pass,  everyone  will  move  to  a  clear  view  area. 
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3.3.5  User  Orientation  Plan.  Since  GLOMR  is  an  experimental  proof  of  concept  system, 
the  purpose  of  this  demonstration  is  simply  to  orient  potential  program  users  to  the 
technical  and  operational  capabilities  of  the  GLOMR  satellite  system. 

3.3.6  Test  Materials.  For  the  demonstration,  a  videotape,  vugraphs  and  a  test  plan  have 
been  developed.  The  demonstrator  will  have  the  following: 

o  Compass 

o  Accurate  watch  (GMT) 
o  Pass  opportunity  schedule 
o  Handouts 

3.3.6. 1  Test  Plan  Document.  ARDAK  has  prepared  this  test  plan  which  documents  the 
DoD  standard  test  procedures,  including  the  technical  and  operational  parameters  of  the 
test,  the  pretest  activities,  test  planning,  activities  and  proposed  results. 

3. 3. 6. 2  Deliverable  Materials.  Copies  of  the  briefing  and  this  test  plan  will  be  handed  out. 
Since  an  operational  capability  is  not  being  delivered,  no  technical  user  documentation  will 
be  delivered. 

3. 3.6. 3  Site  Supplied  Materials.  The  L'SCS  will  provide  use  of: 

a.  Conference  room 

b.  VHS  videotape  player  and  TV  monitor 

c.  Vugraph  projector 
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3.3. 7  Security  and  Privacy  The  use  of  GLOMR  is  presently  UNCLASSIFIED.  The 

GLOMR  system  is  not  intended  for  the  processing  of  data  protected  under  the  Pnvacs  Act.  '■! 
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SECTION  4.  TEST  SPECIFICATION  AND  EVALUATION 


4,1  Test  Specification. 

4.1.1.  Requirements.  This  test  will  demonstrate  satisfaction  of  the  requirement  to  send 
geolocation  data  via  the  GLOMR  satellite,  which  includes  the  ability  to  uplink  a  signal, 
store  the  data  in  GLOMR  and  forward  the  data  to  another  ground  station. 

4.1.2  Svstem  Functions.  The  following  functions  will  be  exercised  in  support  of  this 
demonstration. 

a.  Satellite  Tracking.  NAVSPASUR  provides  updated  ephemeris  data  twice 
weekly. 

b.  Mission  Planning. 

(1)  Opportunity  Schedule.  The  times  when  GLOMR  passes  over  the 
MGS  beacon  are  computed  from  the  NAVSPASUR  ephemerides.  The  demonstration  and 
dry-runs  are  scheduled  accordingly. 

(2)  Pass  Plot.  The  PRC  software,  GEODE,  is  used  to  generate  a  computer 
plot  show  ing  the  map  of  the  U.S.  overlaid  with  the  selected  uplink  and  downlink  satellite 
passes.  A  copy  of  the  plot  is  attached  to  this  test  plan. 

c.  Signal  Generation.  The  beacon  generates  the  geolocation  signal. 

d.  Signal  Storage.  The  signals  are  stored  inside  GLOMR  until  contact  is  made 
with  the  destination  user. 

f.  Data  Downlink.  As  the  satellite  passes  the  MGS,  a  scheduled  command  starts 
the  GLOMR  transmitter  polling  for  the  scheduled  contact.  The  MGS  responds  with  a 
"handshake"  signal  to  this  contact,  and  the  data  addressed  to  the  MGS  is  downlinked 

4.2  Data  Recording.  Copies  of  all  briefing  materials  will  be  made  for  inclusion  in  the  test 
analysis  report  ARDAK  personnel  will  request  user  feedback  on  the  demonstration  and  on 
the  potential  applications  of  GLOMR.  These  feedback  comments  will  be  incorporated  in 
the  test  analysis  report,  and  collected  for  the  Final  Technical  Report,  which  will  summarize 
recommendations  for  future  system  enhancements  and  problem  fixes. 

4.3  Test  Evaluation. 

4.3.1  Test  Data  Criteria.  The  demonstration  will  be  considered  successful  if  the  test  data 
which  were  uplinked  are  received  and  displayed  without  error.  Other  technical  and 
operational  parameters  will  be  evaluated  to  insure  proper  maintenance  standards,  along  w  O' 
proper  logging  and  recording;  these  data  will  be  kept  for  retrieval,  the  final  report,  and 
archival  purposes. 

4.3.2  Test  Data  Reduction.  Test  output  on  the  MGS  will  be  copied  to  the  printer 
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SECTION  5.  TEST  DESCRIPTION 


5.1  Test  Description.  The  puipose  of  this  test  is  to  demonstrate  the  GLOMR  geolocation 
capability.  A  test  signal  will  be  uplinked  from  the  Beacon,  stored  in  the  satellite,  and 
downlinked  to  the  MGS.  The  MGS  is  located  in  McLean,  Virginia.  Prior  to  the  pass,  a 
short  briefing  will  be  given  in  the  conference  room.  As  the  satellite  passes,  the  Beacon  will 
communicate  with  GLOMR  and  store  the  test  signal  data  in  a  buffer  which  will  be  relayed 
to  the  MGS. 

5.2  Test  Control.  The  test  will  be  initiated  by  manual  means.  The  pass  opportunity 
schedule  gives  the  rise  time  of  the  pass;  using  a  wristwatch,  the  Beacon  operator  will 
power  on  the  Beacon  and  the  receiver.  He  will  then  wait  to  be  contacted  by  the  GLOMR 
satellite  by  listening  to  the  receiver.  Once  contacted,  the  beacon  transmitter  will  be  keyed 
on.  This  sequence  will  be  repeated  three  times  during  a  pass. 

5.3  Test  Data.  Test  signals  are  built-in  to  the  Beacon  read  only  memory.  The  test 
scheduel  is: 


Event 

Description 

Orbit 

Date 

Time  GMT 

1 

Uplink  from  Beacon 

5320 

10/01 

1402 

2 

Downlink  to  MGS 

5323 

10/01 

1855 

Detailed  pass  schedules  are  at  attachment  2. 

5.4  Output  Data.  Once  received  by  the  MGS,  the  contents  of  the  geolocation  data  message 
are  displayed  on  the  screen,  printed  out,  and  stored  in  a  file.  The  data  will  resemble  Figure 
5.4-1. 

5.5  Test  Termination.  The  test  will  be  discussed  with  the  audience  to  answer  any 
questions  and  to  solicit  user  feedback  on  GLOMR  and  the  demonstration  itself. 
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U.S.  Customs  Service  San  Diego,  California 
Geolocation  Contact  Times 
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